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. ABSTRACT
;ﬁ The U. S. Coast Guard is a military service with a hierarchical
.o .

1{' organization., CG manpower planning requires a forecast of the number of

;' accessions needed as well as the resulting force structure for each month
:% of the upcoming year. In this thesis, we present a modified Markov
s transition model that integrates the pertinent personnel flows to

ﬁ forecast the monthly accessions and force structure for the enlisted CG.
:4 Perscnnel flows are estimated using standard statistical techniques such
o

. as linear regression analysis and point estimation. An algorithm is
)

: presented to solve for end of month stocks while meeting a man year
'

E consumption constraint--Full Time Equivalent (FTE) when attrition rates
f . and the beginning and end of year stocks are given. Finally, the
fSﬁ pertinent personnel flow estimates, the FTE algorithm and the modified
&

Markov model are integrated into a comprehensive Military Employment

Capability Plan which is programmed on a micro-computer spreadsheet.
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1. INTRODUCTION

The Coast Guard (CG) is a military service with a clearly
defined hierarcrical organization. It 1is important to the
services and the taxpaver to maintain an adequate force
structure efficiently and economically. An important element
in manpower planning 1s to forecast the number of accessions
needed e2ach year toc replace attritions and to meet changes in
tota. force size. Agdaitionally, budgetary plamning requires
force structura Jrojections to anticipate payroll costs.
Approximately fifty percent of the Coast Guard’s annual
budget 1Is related to payroll costs which are highly
correlated to the number of people at each grade level.

A yariety of internal and external factors impact on
attempts to forecast future accessions and force structure.
Previous recruit projections had the benefit of a relatively
large pool of eligible entry level personmmel and a stable
force size. This allowed the Coast Guard to maintain high
standards in recruit quality and waiting lists of enlistees
above *the monthly recruit quotas. A national shrinkage of
2li1gliole 2ntr-y i2vel personnel described by Fernandez
[Ref. 11, stabl=2 economic conditionsAand anticipated changes
in the force size require relatively accurate forecasts of
accession needs which reflect the impact of the most

significant internal and external factors.
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The Enlisted Programs Branch of the Office of Personnel,

U. S. Coast Guard 1s responsible for projecting the Coast
GSuard’s enlisted accession needs and the enlisted force

structure for each month of the upcoming fiscal year.

A. OBJECTIVES

The objective of this study s to Tormulate a
mathematical model which projects the enlisted accession
needs and enlisted force structure cn a monthly tasis for the
next fiscal vear. The model should also he ab.a2 to take
current data during a fiscal year and adjust the projections
for the remainder of the fiscal vear. We will implement the
model in a commercial spreadsheet environment compatible with
the background of the intended CG users. We anticipate this
will also provide maximum flexibility to explore the effect
of a number of variations in extermnal conditions and internal

policies impacting the forecasts.

B. BACKGROUND

The Coast Guard operates under the Department of
Transportation. The enlisted force structure is hierarchical
with paygrades E-1 to E-9, lowest to hignesct rescec:ivel?.
(There is a paygrade E-10 which has a size of one and will be
ignored in this study.) Each paygrade is further broken down
into approximately 25 sub-specialties (ratings).

Promotions occur on the first of the month only. The CG

conducts semi-annual testing of personnel to rank order

11
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'n‘.:‘.

1\5 personnel eligible for advancement to paygrades E-S5 to E-9.
. These promotions are vacancy driven. Promotion to paygrades

E;ﬁ : E-3 and E-4 occurs on gualification for advancement.

ol

i&: Promotion to paygrade £-2 occurs upon completion of recruit

:ﬁ; training. Vacancies are determined by the difference between

43&} actual stocks and the authorized structure as promulgated

EE; periodically during the vyear by the Chief of Staff’s

Wl

i Personnel Allowance Branch. There is a statutory upper limit

ffi for E-9s and E-8s (orme and two percznt of the total enlisted

WS

'jj force size respectively). I+ the number of perscnnel

eligible for promotion (defired as having passed the
servicewide examination) in paygrades E-5 through E-9 exceeds

the vacancies occurring during the period, those personnel

“ eligible for promotion may recompete for promotion during the
EEE next servicewide examination. Normally, once an enlisted
:Eéi person meets the requirements for promotion, he remains
C?{ eligible for promotiaon indefinitely (i.e. there is not a
?§ promotion zone for enlisted personnel like there 1s for

officers).
Accessions may theoretically occur in all paygrades.

—

First time enlistees are entered as &-ls. Pricr service

enlistees and CG personnel reenlisting more than 24 hours
after the expiration of their previous contract are entered
in paygrades E-2 to E-7, depending on previous service
experience and the needs of the service (needs of the service

are directly tied to the Selective Reenlistment Program).

12
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}:ﬁ Additional accessions in all paygrades occur when reservists
» Cal
are entered into extended active duty.
Y
- Attritions occur in six general categories:
o 1. Retirements
e N
‘) Retirements normally on the first of the month.
A 2. Non-Reenlistments
o A €CG member may not chose 2r may nct be eligible to
reenlist or extend his/her contract at expiration.
-
o , ‘
o 3. Administrati /o
!h\-
R A member may be Jirscharged prior to the expiration of
L.
o his enlistment for the "convenience of the
)(:J
o government'.
L

e

4. Death

-
Y.

u

Reservists on extended active duty

[}

- Reservists may be released back to inactive reserve

R

2

status.

O

6. Officer Programs

g B i
2_ 1
RNy

AN enlisted memtber may be selected for an officer

<

program ( Warrant Officer, the Academy, or Officer

P

s
A7
2

Cardidate School}.

The Enlisted Programs 2ranch currently uses a model

o called the Military Employment Capability Plan (MECP) to

. project accession needs and force structure. A replacement
W
s for this model is desired that will integrate pertinent
x.:\‘
I external influences and accurately reflect the effect of

internal policy changes such as a changed promotion policy.

13
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The MECP model and its output is used by a variety of people

with a wide range of mathematical sophistication . It is
essential for the model to remain uncomplicated ,

comprehensibla and easily maintainable.

C. MODEL FORMULATION APPRDACH
The model 2roposed 1n =his study 1s a modified Markov
transition model that makes use of historical internal CG

personnel data and historical extermal data (various economic

indicators) . "he Markov model is constrained by internally
and externally (statutory) imposed policies. It is
predictive 1in nature. The model will forecast future

strengths across paygrades for the coming months of the

year.
Our model and solution will be developed as follows:

i. In Chapter II we examine the data available to seek
obvious interrelationships, trends or data anomalies.

c. In CThapter 11, we develop an appropriate predictive
mcdel for the nersonnel transition rates and
attritions.

3. In Chapter IV, we formulate and sclve an algorithm for
the manyear consumption constraint (Full Time
Equivalent ..

4., Iin Chapter /. we implement an appropriate Markov
Transition naodel.

5. In Chapter VI, we summarize the operational limitations
of the model and discuss applications of the model in
response to a number of hypothetical conditions.

&. In Chapter VI, we validate the model and summarize the
results .
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.J‘ I1. DATA ANALYSIS
o
‘\:;.
e, The data wused 1n this thesis can be divided nto two
g
») general categories--internal! CG personnel data obtained from
"N
w{h various databases ang reports and externa. 2coromic 2arta
o
Y
s colliected from readilv avallaple pubiications .
\h Y
. A. ENDOGENQOUS DATA COLLECTION
\':~:‘
N Mcst of the gata obtained from the 25 persorne. systam
_;ﬁ zame either directly or indirectly from <the Personre:
®
i
TFT Management Information System (PMIS) maintainmed on the 207

Amdahl computer located at the DOT building in Washington,

. DC. PMIS is the master database of CG personrmrel data and 1s
gﬁr the basis of all pay, time in service, and all other
E%ES personnel calculations for the CG. Queries of the database
}f: were conducted with two commercial software packages--5AS
va and FQOCUS. Data also came from other databases or files

which are kept by individual CG offices. Three problems
> arose in the collection of this data. First, obvious errors

in data entry were observed, as there appears %o be limited

data =2ntry val.:dazion within the PMIS data Sase. zecand.

historic PMIS data 1is essentially purged at the end of a

{fx' fiscal year of all data not related to current perscnnel.

i; This means that raw historic data is destroyed for personnel

¥?ﬁ who have left the service during the preceding fiscal year.

3

‘. Data is also lost for some of the transactions related to
15
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g current persannel. Complete bhistoric data for preceding
. . . . . .

fiscal years is either lost or only available in the formats
- !.
e and categorical breakdown of standard printed reports 1ssued
Calit
Yo by the system and kept on record in var:i:ous -5 offices. Some
Y .« T .
V) infcrnation regard.nrng separations .attrit:ons. .s Zownloaded
",
51\ to magnretic tape for future reference. Third4ls, wren other
S _ .
AT data sources are used, it appears that the effe2ctive dates of
R~

Zertaln pe-sonmnel actions fseparacions., Jromotionssaetc) mav
A
:;? LT =" Toom zata zcurze pe] I2T2 =CcLrzI= TmlT Zrzoco=m =
.
i iMPCrTart I CInNsS.Ier  wrnen Cross F31.237173  2a3t: 2Stwesr
N
T sgurces or when trving to deri1ve missi:ng Zata Stasea v tns
o
oL conservaticn of flow principle [Ref. 2:pp. “-6131:
-~ Stocki(t+1)= Stocki(t) + accessionsi(t) +
e promotions . .(t) - attritions .(t) - promotions . . (t)
i i-1,1 1 19141
- 1= paygrade 1,25...:9 (2.113
e These problems limited the <collection of a complete set of
N usable data to four fiscal vye2ars (1982 - 198&:., ~8 alsc

collected gata for the first eight months of FYEB7 to use in

: g model validation.

jf? Lastl,, the ZJata we collected w~as “urtner categor:ized -—v
t?; spectial*tvy (rating'. We gecided agr !/ i the aralvsis 9
;i ccmbine these categories into a simple total for each

paygrade because the output required from this analysis 1is

not to be categorized by rating. An initial look at the data

also indicated that further cetegorization into ratings would

7

reduce the data collected in each cell to such a small size

.IA 4,
L}L{l
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as to introduce significant difficulties 1in conducting a

reliable statistical analysis.
1. Stocks
We obtained the stocks of the CG personnel from the
PMIS generated Caomparative Status report (COMSTAT). This
Jata was separated by nonth, paygrade and rating. We
aggregated over ratings =0 obtain data by month and paygrade.
£-2 and E-3 stocks include both rated and non-rated
Jersonnel. Stocxs ar=2 3s =T *he last day of the month,.
2. Deﬁot:ons
We obtained demot:on data directly from the 1986 PMIS
data by month and paygrade . No data was available for prior
years. Based on this data and a priori knowledge of the CG,
we decided that demotions were statistically insignificant
for purposes of this model and could be ignored, as the

demotion rate was less than .0001 for any given paygrade and

month,
3. Promotiors
We obtained this data from the Enlisted Programs
Jffice (derived from =the servicewide advancement lists).

Jata was only ava:.ap.e for tnose paygrades to which
aromotions are based cnr the Servicewide compefition (E-S to
E-9). Promotion to E-4 occurs upon completion of a specialty
school (A-school) and other gualifications and this data was
not available. No data was available for promotions to E-2

or E-3. We derived historic promotions to paygrades E-2,

17
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& E-3, and E-4 by solving conservation of flow equation [2.11].
ia We were able to compare the derivation for promotions to E-4
§§ with 1985-36 data available for A-school graduates and
% personnel promoted through the "striker"” program (this
- proc®ss is cescribed in Chapter III) . There was a favorable
;ﬁ comparison between the derivations and the data, i.e. the
g
;? derivations wer= within ten percent of the data ; time trends
and seasonal variations were preserved. We could not use the
S% acstual Jdata “ar 3E-26 pecause the A-school graduate data
Ez in&lu:ec an  urknown rnumber of personnel who successfully
.: completed A-school Sut did not complete the other
;ﬁ‘ requirements for advancement to E-4. We compared our

Oy
.
[}

derivation for promotion to E-2 with data extracted from a

-

1985 list. of recruit training center graduates . We were

x
<

able to extract approximately 3500 usable records from 1000

examined ( 1/8 cf the total). A proportionate comparison of

- e e .

Qur derivations “or the same period indicate the cumulative

total of the Jerivations was within one percent of the

(A

L]
!‘. , l’ l, l. l‘
« a4 a a 2@

extracted data. No data of any form was available to compare

S with derived Doromotions to E-3.

K
sk

- “he numgcer 3T pramotions for each paygrade and month

was divided GGy the stocks at the beginning of that month to

iy,

- obtain a promotion rate. We considered the desirability of

further categorizing the number of personnel in a paygrade by

RS
I |_‘ (" A_‘ 1‘- ‘.' .

eligibility for promotion, but data was not available to )

]

.
e

support this effort even though it could have led to a more

[l
et

M N ]
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accurate calculation of the promotion rate. The reader
should bear this in mind when comparing our promotion rates
(promotions + stocks) to the usual definition of promotion
rates (promotions + number eligible for promotion).
4. Attritions

Attrition data was obtained from a separations :ape
which 1s created annually from the PMIS database. Complete
information was available for 1981 and 1983-86. The
attritions were categorized by paygrade, month ang :.pe 3T
attrition (also listed here by PMIS code). The <:types of
attritions ( discussed in the introduction ) were reservists
released from active duty (DA, deaths (AD),
retirements(BA), administrative discharges (AF), and non-
reenlistments (AR, AB, AC, AE, AF, DA, DB, DC). We original-
ly separated the attritions into categories with the inten-
tion of exploring the possibility of obtaining additional
information for our predictions based on intuitive <xnowledge
of correlations between attrition type and paygrade (e.g.: 99
percent of E-9 attritions are due to retirements). The data
provided numerous confirmations of these tvpe of
relationships but ultimately 1t was determ:ined snat o
significant improvement to the model could be obtairned from
this 1nformation. We decided to use the total attritions
cateqorized by paygrade and month.

An examination of the data revealed a glaring

problem with data from Octobers, November and December 1983

19
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(FY84) . The data showed no attritions for October and

November and then a unusually large number for December
(approximately three times larger than normal). This data
anomaly was due to a software conversion., We decided to
adjust this 2Jata based on other data that we had from the CG
report "Enlistea Active Duty Aczessions and Attritions',
referred to as "367". This report summarizess attritions for

the month by the same types of attriticnms but does not

o r

categorize atiritions by pavgrace. we ‘2. that 5y applying
the properticns of attriticns caprurea 1n  the “"367" report
for these 2 months, we could get a reascnaple approximation
cf the missing data. We were further encouraged in this
agproximation by the previously discussed analysis which
showed that certain types of attritions were closely tied to
certain paygrades. For example, we previously determined
that almost all attritions in the E-9 paygrade were due to
retirements. The "36f" report lists the aggregate number of
retirements 1n a month. We were able to calculate from this
data the proportiun of total retirements that occurred in
each of the three months (0OCT, NOV, DEC). We applied this
proportion to the original attr.:t:on data cateqgor:zed 2y
paygrade (E-9 in this case). Similar adj;uscments to the data
were calculated based on our previous analysis of correlation
between attrition type and paygrade. After the approximation
we tested our results with conservation of flow equation

(2.1] for the three months for paygrades E-S5 through E-9 (as
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previously discussed, E-2 through E-4 values of promotions
were derived). There were no glaring inconsistencies 1in the
results (all approximations were within two percent of the
conservation of flow r2sults and no negative flows were

generated) .

Two adiustments w~ere made to the data to reflect

policy changes tha:t we felt were significant enough to
warrant manipulating the data prior to analysis and
nodelling. The TG inst:tuted a 2ragram from March 1986 to

July 1986 that al.cwed 2 limited number of personnel to
voluntarily leave the szervice grior to the end of their
enlistment. The number of people attriting wunder this
program was closely monitored and data was available by
zaygrade ancd menth re‘le:ti“g-the number of people discharged
under this temporary gs2clicy. The attritions were subtracted
from the total attrisicnrs 5y paygrade and month under the
assumpticn tha=* “he gJ.scharges wculd ~not have occurred
without this pelicy change. Secondly, a number of policy
changes at the CG recruit training center have resulted in a
si:gnificant r=2ductiorn irn E-1 attritions from 1 October 86
tarouegn 31 Marzon 37, AN analys:s of the policy changes
indicate that we can r=asorably expect this reduction in E-1
attritions to continue. The reducticon in attritions over the
S1ix months was 3% percent. We reduced the 1983 through 1986

E-1 attritions by this percentage .
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The attritions were converted to a monthly attrition
rate for each paygrade by dividing the respective number of
attritions for a month by the corresponding stocks at the be-
ginning of *naz month. The mohthly aggregate attrition rate
was zsbtainmed 2v ising the aggregate attritions and stocks.

S. Regrui-s
Recrui=s Saza was obtained from annual summary reports

kept by the JfFice o0f Military Recruiting (PMR). Recruit data

was availap.2 “or 1980~ 1286 by month and paygrade (recruilts
1N paygracde ZI-. ar=2 raw racruilts, those in paygrade E-3 are
usually prior servica CG, those in paygrade E-2 are usually
personnel who nave completed enlistments 1in DOD services,

and those in paygrades E-4 to E-7 are prior service personnel
with specialty skills in ‘"open ratings". Open ratings and
paygrades are defimed by the Opun Rating List and are tied
directly to the Selective Reenlistment Bonus program. The
only inputs no- included here were reservists coming on
active duty. "mese numbers were derived from conservation of
flow equations already described. The other option we
considered was -g Ielete2 the attritions due to reservists
returing 2 Lhact . ve Juts and make the assumption that the
numbers oF r2s2r-.,15ts beginning extended active duty and of
reservists end:rng extended active duty are in equilibrium,
which is the assumption currently made by Enlisted Programs
branch. An initial examination of the data indicated that

this assumption would degrade the quality of the predictions

a2z
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ﬁ: from this model. Data was also collected for the monthly
3 recruiting quotas set by the Enlisted Programs division and
N
e the Military Recruiting branch at the beginning 37 each
*‘l

fiscal year. Monthly recruiting Qquotas are the forescasts of

g - £
3 X

. monthly accessions that will enable the C3& 2 neet the
NH desired end of month strengths. A comparison 2f “he 3Juctas
D <\
1 . . . , . _
- and the actual accessions can give a historic Jdepicticn of

. the rate of recruiting success during various montrns of the
o~ year by the field recruiters.
-
N &. Expiration of Enlistments
L
B~ We were able to obtain anticipated expirations 37
13 enlistments categorized by month and type (non-rates, Tirst
. enlistment, subsequent enlistments). This data 1s obtalned
:y from the PMIS database at the beginning of each fiscal year
N and 1is the number of enlistment contracts or contract
o extensions that will expire imn the next year.
- 7. Billets
f The Personnel Allowances Division determines the
~: authorized number of personnel in each paygrade. These
z, L . .
- authorized positions are called billets. Billets minus
v, _ o
n stocks yield vacancies that can he fi..=d 2y Zramoti:ons 2r
:’v
> accessions. A detailed description of the process
o surrounding changes to the authorized billets and their use
Q in the manpower flow process is included in Chapter III.
o 8. Data
¥a
', Appendices A and B contain the data used .
,l
o',
B 23
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o B. EXOGENOUS DATA

<,

-
* Economic variables were researched from readily
\ o - - . - . . .
- accessible publications to provide possible input into
B!
¥ \‘-
‘:: regression models. Pertinent categoris=ss of economic
4 |
o

\ variables werse chosen basead an  anticiscated re=gression
N hypothesis. In most cases the categor:2s w~er=2 zhosen to
o coincide with the "popular” statistics, 1.2.5 those

LI 3
a1

statistics that are frequently seen or heard in the public

N media and ~ould influence a person’s 2D1N13" about Tne stats
;s of the economy. Our hypotheses wi.l 22 Jiscussec (N0 ner2
[ detail in Chapter III, but we believed that any influence the

L ecoromic indicators had on decisions to leave were based more

,{f on the perceived state of the economy than on those economic

‘ factors which would be statistically related to an individual
R
’-
" (e.g.: the seasonally wunadjusted; 20-25 vyear o0ld, male
»" -
LY
s unemployment rate would probably more accurately relate to a
¥) junior E-4’s ability to find outside empicvment, but in
| J'\I
'it reality an E~-4 may base his expectations of civililian
AN -
:? employment opportunities on the seasonally adjusted total
= unemployment rate that he saw reported in the news last
:: : week /.
I
2}; 1. Consumer Price Index
o2 CPI is the unadjusted CPI for all urban consumers,
Cali
L .
s city average, for all items. The index of reference is
>,
o, s
. 1967=100. Data was obtained from the Bureau of Labor and
V.7 Statistics’ CPI Detailed Report for FYB1 - 86.
v

[RRrS
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2. Unemployment Rates

Unemployment rates are the seasonally adjusted

unemployment rates for nen, {6 and over, 20-25 and 25 and

aver. Data was obtaineqg from Table A-38 of BLS’ Employment
and Earnings Resort saricus volumes) for 1981- 1986. These

zategories were c=nosan as characteristic of the demographic
makeup of the Coast Suarg .

3. Gross Natignal P-aoguct

GNP 13 in 158

n

Jgl.ars. The annual rate was obtained
“3r eacr qQuarcter Tram  (98l- 1986 fraom Table [I1-A-80 of

Susiness Conditions Digest (svarious volumes). In order to

convert this data to monthly figures, we assumed that the
changes from month to montn were linear and interpolated
accordingly.
4. Pay Raises
The percentags of the annual pay raise ~r DOD (same
as CG5) obtained *or LRQZ~ 1986 “rom various issues of the
Navy Times.

3. Data Modification

The described 2c2namis data was manipulated further,
317G ci1ffarencirg’ ZH2 MoNTny Si< mMmonth and twelve month),
“c make it mores usef.ol in the proposed linear regression
model described 1n Chapter II1.

The exogenous data used by the author is included in

Appendix A. The differenced data is contained in Appendix B.
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C. DATA ANALYSIS

Most of our data analysis was graphical. We were

n
-

atter .ting to seiect variables and determine patterns that
would assis=* in the development of various 1nputs to the
Marxcv model we have proposed. A subsidiary benefit of this
analysis is & zZoncise, graphical representation of historic
personnel noclicies. There are a number of trends and
variations in <*the data that are not directly related to this
anaivsis but mignt 2 of considerable interest to the CG
pclicy maker 2.3. there is a trerd toward a top heavy force
oyramid). Ne used numerous analytic tools that are
available on GRAFSTAT [Ref. 31 but found that the clearest
results were obtained from time series plots s multiple box
plots and scatter plots. Numerical summaries of the data
were obtained through the SAS [Ref. 4] regression models used
in Chapter ITI. We will discuss those aspects of the data
analysis thas naga the most significance to our model
development.
1. Stocks

A t.:me series plot revealed an anticipate=d
consistent Zrzc 1n stocxs during December and June. This
observation will be developed further in the man vyear
consumption portion of our model (Chapter V). See Figure

2.1,

cé
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2. Attrition rates

A time series plot of the attrition rates revealed a
possible time of year effect. See Figure 2.2. A multicle
boxplot of the attrition rates, categorized by month and
paygrade revealed a definite month e2ffect. with a zZonsistent

jamy

spike in all cases in the summer months. See igure 2.3.
This effect will be exploited in the regression models.

3. Promotion rates

Multiple Sox plots categorized Sv zavgrade and month
revealed definite month effects with clear spikes in January
and July. See Figure 2.4 and 2.5. This effect will be
integrated in our regression model.

4. Recgruits

A multiple boxplot of recruits as a percentage of the
yearly total and as a percentage of quota obtained revealed
a definite decline in recrulting levels in June and December
and a8 consistent pattern of reaching the guota level in all
months except December. See Figure 2.6. Figure 2.7 is a time
series plot of recruits by month and paygrade. We attempted
to discern any time of vyear effact Jther than .the cne
mentioned above or any trends i:rn the zZacta. In general, we
felt there were ro significant effects. These observations
will be wused to deveiop model assumptions in the manyear
consumption part of the model (Chapter Iw) and will be
integrated in the development of the recruitment proportion

vector (Chapter [I1).
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S examined

strength.

billets

oo

v
0

anc E-3s

Nistom1cC

Billets

_ A time series plot of the billets was examined in
o conjunction witn ST.gure 2.1 to examine probable correlations
:;ﬁ- between stocxz anc 2..ie*s (we expected that growth in the

system wou.d Te -2 lected Dy a proportional change in the

“ar

tiiecT Zvram:
maximum Jre CerTant, z-8 billets seemed to hover at about
1.5 percent with a cossible 1ncreasing trend. E-6 and E-7
billets have experienced a definite upward trend, perhaps
reflecting an increase in technical billets in the CG. E-S5
appear relatively stable with a possible small
increasing trencd. E-4 billets seem to fluctuate widely. We
suspect *ha* th.s r=2sults from widely changing needs in lower
lsvel spec:al=sv .2vels as missions are added or redefined, as
the ~=2.az.vely short time required to promote a raw

recrult to this level of competence. The E-1 to E-3 billets

gy
[/
0
0
L
[
1
ot
O

OO SrowTh LMD L Les 3 . ac2e Lncr=2ase 1n E-!1 billets) as well as
e * » .

N .

. some appar=rtl!, ars:trary changes ( see shift between E-2s

This i(eZ to an evamination of a time series plot of

cersorm2) pcoclicies produced results correlated to

il

acn 2avgrade!). See Figure 2.8. We then

.

a T:me ser:es np.ot of billets divided by total force
Th.3 woulgc indicate any changes in the actual

Je ibser.ed that E-9 bill=2%ts hovered at the

(i

mMave 3~ar2 Zhanges due to changing policies (large

in May (98«). See Figure 2.9.

toIws divided by the total stock to see if our

34
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& “ Faravy,

-(‘

"

the plammed structure. We observed a strong correlation

between stocks and billets in paygrades E-4, E-&6 to E-9. In
paygrade E-35, it appears that the CG was s:gnificantly under
authorized strength and has recently closec the gap. There
appears to be little correlation in the pavgrades =-! ‘o E-3.
This 1s not surprising since the (CG promoticr 2eolicies in

these categories are not tied to vacancies but ar=2 on an "as
gualified" basis. See Figure 2.10. Lastly we examired a

time series plot of stocks divided by billets ~nizn -=27l=2ct

i

how close our historic stocks relate to authorizeg strengths.

We see that in the E-7 to E-9 paygradess we are ~=.atively

close to 100 percent of billets. In paygrades £-2S we

ot

m
|

o

are chronically under authorized strength. In paygrade E-4
we are chronically over authorized strength. These
discrepancies are explained further in Chapter [II. See

Figure 2.11.
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I1I. MODEL FLOW RATE ESTIMATION

A. ATTRITION RATES .~ ..

Mcnthly attrition rases “ar =ach pay grade are needed for
the Markov transi:T:3n  model oresented in Chapter V.
Aggregate attrition ract=2s Tor June and December are used in
the man year consumption portiaon of the model discussed 1in
_hapter V. The ~umaenr zeravigral nature o7 this Tlow rate
makes it diff:cui: TS Tor=cast accurately. It is difficult
to make a general nvpothesis about factors i1nfluencing
decisions to leave an employer. We discuss below a reliable
and consistent monthly forecast method developed for each
paygrade. Areas where the forecasts may be improved will
also be mentioned. In each of the three possible forecast
methods discussed below, we develcoped ten cases for each
forecast (nine pevy grades olus the aggregate).

The notation develicped in this section attempts to be
consistent with the notation used by Batholemew and Forbes
(Ref. 2:pp. 85-112:. It ~1il be used throughout this paper.

Three gi1ffarent nethods w~ere considered 1n developing a
model to predict tne attrition rates. They‘ were: an
econometric linmear regression model, a three year weighting
scheme, and an exponential smoothing scheme. In order to
compare the predictive quality of the three methods, we used

the 1983 through 1985 data to forecast the attrition rates

for 1986. We compared the sum of squares of the differences

41
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between the forecast rate fo
data. In that sense, the
predictive purouses c-roved to
The first noge.: Ne  ex
average ¥ the Za%ta 23seq0 to C
Breg, 2t 311 Fev . TI 1n zthelir

predicts the mncnthilv attriti

follows:

i. Calzualaz2 a hnree sea
3 att-oLTl2ns 3ss.gnit
2 =he 1ata. .2ast ~e=ce

2. Caiculate a three yea
using the same welights.

3. The feorecast attrition
calculated by dividing
by the welighted average

The hypothesis 1s that

particular month will be clos

month last vear =2ng progress

“

ates 37 that nonth Ln the pr
The second mode ] we

smoothing scneme described

ang ~ani1z~ =ogan (Re27 .72 Tound useful

Mar.~e Zorgps Ccer3Irrel (0SS

18]

eguaticn for the 2sTt.:mated at

W. tt+1Yy = o W (L) +
1 1

where wi(t) is the observed

time period t and

42
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r 1986 and the observed 1986
best of these three models for
be the linear regression model.
amined was a three year weighted
alculate flow rates suggested by
nersonne: flow model. The model

on rate for each paygrade as

r wmeignted average of the number
ng weignts of /&, 1/3 and 1/2
nt to most recent respectively.
r weighted average of the stocks

rate for the fourth vyear 1is
the weighted average attritions
stocks.

the attrition rate during a
ely tied to the rate of the same
ively less closely tied to the
eceding two years.

examined was an exponential
by Chatfield [Ref. b6:pp. 85-8B%9]

in his estimations of
Usinq this method,. the

rates.

trition rate can be written:

(l—a)wi(t)

attrition rate for paygrade 1,
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Ni (1) = wi(o>; o is selected to optimize the model.

This model was applied for each paygrace ang month
combination. This limited each model to four Zata points.
We attempted to remove the time of year =2ffec: zo <hat w~e
could apply this model across all 48 data pcints cuct ~NE wEere
not successful in removing the month effect. 3% nor=2 Zata
becomes available, this analysis would apgpear £2 have more
merit, possibly extending the flexibility -f =he sTzric.:cn
rate forecasts.

The third model we considered was an  2ccncmetr i

regression model:

W.(t) = 3_+ T A.X (t) + €,
0 i

1 J
where wi(t) = attrition rate for paygrade 1 during month t
B = coefficient estimate for the carrier variable j
]
X (t) = observed value of the jth carrier variable
J

in month t.

€ = error component with assumec I:

N(O,Ua)-

w

The hypothesis was that the tendency to att-ite would te
influenced by a combination of internal factor=z ang =2« 2ar-a.
economic factors which could either be anticipat2d =2xacctily
(e.g. expiration of enlistments) or forecast w:ith relative
accuracy f(e.g. unemployment rates). In considering possible
carrilier varilables 1t was important to remember that this was
only a small part of the total model and inputs would have to

be limited to make the model practical. The end user of the
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ho model needs a model with inputs that are easy to obtain . A
g
L J
- complicated model would discourage use because of the data
B~
YR . . , .
- collection necessary to make it work. we also took 1nto
N
SO . . . : , -
1SR consideration the selection of wvariables “o- an:ch data are
A “»

o

reacily available from other offices a:c 25 r~eadguar:ters., We

IN -.
e, ="
. n-'.‘..
- also examined the abundant number 27 sim:lar nogels that have
o
o been developed in this area for other milizary services. The

variables we considered using werg broks~- (nt3 TwC Zategories

(abbreviations arz SASE variabi=2 namnes .

1. Dependent VYar:i:ables

The attrition rate for gach montn “or e2ach paygrade

and the aggregate attrition rate for the month. (El,E2,...,

o E9,EALL)

. 2. Independent VYariables

We initially considered the concurrent levels of the
n economic indicators as dependent variables. The resulting

poor regression fit led us to attempt < Ji1f 2rence ail

economic indicators because we hypothesizea that 1ndividuals

e reacted to changes (is it getting better or worse?) in the
- g

'y econamy when making decisions.

P

“ a. Consumer Price [ndex “2r al. Zoccaos 2P

This variable 1s considerec for 1nclusion after
gifferencing one, six, and twelve months. (CPI!,CPI&, CPI12)
b. Gross National Product (GNP)
This variable 1is considered for inclusion after

differencing one, six and twelve months. (GNP1, GNP&, GNP12)
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c. Unemployment rate
We initially considered the urban, seasonally
adjusted rate for white males, based on the demographic make

up of the CG. The var.aple was also considered in the

additional age categor.=s 5+, 20-25, 25+. This variable
was differ=2nceg siv nrenins tnoall cases. (E20LAG, E2SLAG,
ETOTLAG) . We eventuailly settled on the aggregate
| ;{ unemployment rate dif =2r2nc2g9 351X months because 1t is the
}i' nost reacilv avairlac:2 -3te “ar w~nicn forecasts are available
N
W for the nmext twelve neonths. ~e were satisfied with this

substitution because =2xaminaction of the differenced values
indicated that all the i1ndicators tend to move 1n the same
direction with the same relative increments.
d. Pay differesnce (PDIF)
This variable attempts to capture the change in

purchasing power of <the =2nlisted person. It is the

-
r
:

.
s

v RN

difference between <ne ZFI differenced twelve months and the

v B
v Y
ey
’

last pay raise . This variaple was suggested by CPT Higham

"M
[

‘ [Ref. 8] in an Army SRB model and was used with good success.
SAEN

'?Z- e. Expiratior 27 2ni:=tments (EENR,EESUB,EE1ST)

e

W This (s =$ne aJra:.=2c-ed numoer of enlistments that
| »f:::;

- will expire 1in a month for the aggregate paygrades E-1
:ﬁi through E-3, first term and subsequent enlistments.

S f. Recruits

 .3 This is the number of E-1 recruits entering the
:ﬁ system in the last month and 2 months ago. (INLAGL1,2)




3. Forced Variables
These are independent variables included in all
possibie modeis. We included a variable to account for the

time of vear =2ffect discussed in the data analysis section.

We examinec two 3JI1 fsrent schemes to account for this effect:

a.

Jummv sariables w~were assigned to each data point. This
methed entails usirng 11l binary variables to account for
12 months. Fa2r 2xa2mpl2, the variable:

i . “or January

2 *ar all other months

Similar assignments are made for the other variables
X2y X3y...9 X11l.

The data suggested the time of year effect may be
capsurez with a higher order model (second, third or
Surth 2rZsr ze=mnsc mest likely after examining the

riapl= was gererated that was codec

ZITiier = 2, Jecember = 3, ... y September = 1.
This coding was indicated by examining the data. It
apcpear=c “hat the colyrnomial time of year effect
s-ar<=eg L0 Sectember rather than in (Qctober.

Additicna. svariables were generated from the month
variable (MNTH) by raising the month variable to the

second, tnird and fourth power (M2, M3, M4).




vy - Ty vy - 2l el qa - B S A = Y Y

=

':? 4. QOther Variables

|‘}j After using the above variables, we also cocnsidered
Eé the usefulness of the following variables.

- a. Selective Reenlistment Bonus.

\

1:" This data i1s nct categorized cv morth or Zavgrace
N
lﬂ and a transformation of the data would 2e nec=ssar -. “e 3u3-
- pect that this variable would be what Tukey [(Fef. “:cp. Zleo-
S 317] calls a proxy for economic variables mertiored =zarli=a-.,

,F b. Average age, Time In Service, " ime .0 Irige.

:;? This data was incomplete and noT <cactegor:.zec v
. month.
| 5. GSelecting the Yariables
.i , The method of selecting the variables to use was

;42 facilitated with two procedures available 1n 3AS: Stepwise
;f regression and the R-Square procedure.

é)‘ The first step after determining appropriate
? candidate variables was to wuse the siepwise regressicn
? preocedure to begin the wvariable selection process. The

;1 results are summarized in Table 3.1. The stepwise selecticn
{{, procedure selected one of the CPRPI variables .n 212n7 zus 27
i the ten cases. It selected cre of tne GNF  variaclzs .o “2ur
z: out of the ten cases. It only selected an unemplicvment ~ate

‘ii' variable 1N one case. It selected the pay difference

AR

ﬁ:, variable in five out of the ten cases. It seiected an

i{i expiration of enlistment variable in six out of the ten

‘ij cases. It selected the recruit variable in four out of the

‘:-'ij 47
o

.‘).
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AN
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SN
oo ten cases. There did not seem to be a consistent selection
L
e of onme particular differencing (one, six and twelve months)

far any of the variables . We eliminat=sg the Jummy variable
representatiaor of the months from consiceraticn  Jecause we
— discoverea tnat we could get comparao.2 -=2su.%s “~om 3 “our=th

rees 2f Trae

ocm. The Zummv

a

arder mnaoc=2!, Z2rsuminrg four Ze

19]

variliable representaticon consumed elesven degrees 2¥ freedeom %o

ol obtain the same quality of f1i1+, In 3 ~egra2ss.2on models 1t olS
i;f desirapie tcC minimize  the ~umperT 27 Zarametars el ng
1S
;&3 estimated.

o
.- TABLE 3.1 STERFWISE FEGREZZICN =EZULTS

'fﬁ Independent E-9 E-8 E-7 E-6 E-5 E-4 £-3 E-2 E-I EALL

R Variabie

Montn X X x x x x x x XX

o Month@ X X X X X X X X X X
S Month? X X X X X X X X X X
- Month= X X X X X X b X X X

oY CPI diffl 1 X X X X X X
O CPRI ci1¥f12 X X X
. GNP 21771 ( {

- GNP diffs X
- GNP difflz2 X X
- Unemply 22-25 X
‘N0

Sa
‘O Pay 3:77 { { ! {

\:_\

- Exp Enl NP X ¢

g 1s X X

= SLC X X
s total X X X X
:x: Recruit lag: X
T lage X X X X
e R-3q .27 .59 .43 .S4 .60 .77 .57 .56 .65 .67
e Cp 1.4 13.4 5.0 7.8 7.8 .2 .72 5.5 1.6 4.5
S 48
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The next step in the variable selection process was
to deal with two problems. First, there were variables that
the stepwlise regress:3” se.ectedg that did not have i1ntuitive

- Z-3 attrition rate sel=2cted the

(|

appeal! (e.g. the moce. <
~umber of E-! -szr-uits =rtecirg the serviZe In the preceding
ncntho Secorclyv. ~& IgSi172C T2 nave a consistent model for
eact gpaygrace “hat us=2Z mo~e 2r less the same variables. We
stilized the RSGUARRE orzzescur=2 =0 facgilitate the refinement

27 Tma /ArLan .2 ze .27 .27, e FRSLUARE nraocecure sllowed us

f-om <he cnes Se.ect2®T Ty Ine stenwlse regression procedure
that grovided a comparac.2 Zuality of fit. The results of
this analysis and select10n process are summarized in Table
3.2 . The RSQUARE crzc2aure helped considerably 1in this
selecticn. Scme of our Zecisions to select variables ,

~mowever, weres kased -~ "-e Zes.re to have a consistent model.

Szr axampl=, me  SFIllaRE cracedure indicated that the
-nemployTent var.aec.=s ~as szatistically insignificant for
paygrades EkE-!, E-Z2 arc E-9, however, it was statistically
z.3niflcant for the TTne- IavIrades. We decidedg to include
t-e Zmemp.2,Tmens JAar L 30,2 T a.i1 cases (each paygrade) of

our mgdels to make t—~em IZoxms1stent with each other. Note
that the R-squareag va.ues obtained wlth the selected
varliables in Table 3.2 a~=2 about the same as those obtained

with tne stepwise regression in Table 3.1.
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TABLE 3.2 REGRESSION VARIABLE SELECTION

Independent

Variapis= -9 -3 -7 E-o E-S E-4 E-3 E-C E-1 EALL
Month ( { £ X X X X X X X
Monthe . { ¢ h¢ X X X X X X
Montn? . ' ( £ X X X bt X X
Month- £ £ X X X X X X X X
PR3y 2:%2erancs ! { { 4 X X X X X X
ZRI zi"Fe2rengan ! { X X X £ X X X
gone mertn

GNP d:i:ffer=nceg £ k{ X X X X X X X X
S1X montins

Expiration of { { X X X

enlistments,

subsequent

Expiration of

enlistments, firsct X X

Expiration of

enlistments, ~gn--at2 X X X
ZxDirat.cn 37

enlistments (total X

Unemployment rate
total, 16+ { X X X X X X X X X
d41ff si« months

recryit lagl X
recrult iagc X

months ago

50
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Lastly, each of the ten linear regression models
resulting from the variable selection process described above
were evaluated with diagnostics available 1in =the SAS
procedure REGRESSION. See Appendix B. We ooserved nco
significant collinearity among the variables . Us:ng Zook’s
D statistic, and the diagonal of the Hat matri« Ret.
170-17%3, we observed outliers (observations o7 AN 33 and

MAY B86) with possible significant impact on the ra2gra2ssior.

We examined the model without these observati:ons :ing Z:Z "Cc:
obtain any significant improvement. We 2xamined :ne ~=s5ul=s
for possible violations of the assumptions r=guireaga for
linear regressions (normality of the residuals,

homoscedasticity, linearity of the model, independence of the
carrier variables) and found no evidence that these
assumptions are untenable. The REGRESSION procedure also
provided the estimated parameters for each model ~hizh are
summarized in Table 3.3 .

The results of the three candidate models weres 2valuatecd,
as discussed previously, by comparing the sum of the sguares
of the differences between the forecast vaiue “or
the observed data. There 1s an obvicus =:3S “Zwarz tne
regression model in this comparison because 1t util:ized 19B¢
data 1n developing the parameters. The alternative would have
been to use 1983 through 1985 data to estimate the parameters
and then to forecast the 19846 wvalues. There were nine to

eleven degrees of freedom utilized by the model and we felt a

351
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o TABLE 3.3 ATTRITION RATE MODEL COEFFICIENTS
L Variable E-9 E-8 £E-7 E-&
[ INTERCEP 0.01067604 0.01577405 0.004863766 9.001431995
T MNTH 0.01525133 -0.003886160 0.0008452:2  2.000688:87
- M2 -0.006107779  0.000729881  -0.0001627Ss -9,000327788
! M3 0.000771957 -0.000087567 0.000019622  2.300043157
S M4 ~-0.000030584 .00000473142  -3.51827E-77 =-7.300001534
o PDIF -0.10579793  -0.07331790 -3.0726:733 3. J06STESE9
Ry CPII 1.175647549 0.53356223 D.1TB35S60 2.078974%4
e GNP6 -0.10934948  -0.16153493 -2.31817283 -2.2002734301
. EESUB .00000443804 .00000718083  -.000003%631 .00000815324
EMPLAG 0.01936890 -0.008052806 0.0019737Sc ~0.004426700
O £-5 E-u Total
e INTERCEP  0.005382164 0.0058697068  INTERCZP 3.00683173E
L MNTH 0.000585879  -0.001017289  MNTH -).00034925+
< M2 ~0.0004649154 0.000057722 M2 -0.000060927
M3 0.000065590 1.03604E-07 M3 0.000012682
M4 ~.0000026832 1.945226-07 M4 -4.16848E-07
PDIF -0.10081540 -0.12073055  PDIF -0.07808159
CPI1 0.49057364 0.55959220 CPI1 0.44951882
! GNP6 0.01639801 0.03545172  GNP& 0.005240226
N EESUB .00000340662 EETOT .00000747545
R EEIST 0.000013034 0.000028291  EMPLAG -0.007287778
S EMPLAG 0.000851757 -0.01327953
A INTERCEP 0.0034E7753 0.004910280  2..805763%
L MNTH 0.002763041 0.004754049 =0.31764010
N M2 -0.000662970 -0.001799222 0.001188531
\ ig M3 0.000055978 0.000251901 0.000165846
5 - Ma -.0000014417 -0.000011088 -0.000013300
i PDIF -0.13333637 -0.11082705 -0.:3051387
. cPIL 0.567961224 0.53767360 0.5301S36!
. GNP6 ~0.07198693 -0.29187216 = .=63SCS07T
- EENR 0.0000674688 0.000060012 =0, 260092557
EMPLAG -0.01094783 -0.03206519 -0.1746=uac
7 INLAG! - . 0000067555
o INLAGE -0.000116762
0y
-
A
Fo T Note Variable names correspond to the SAS program found in

*;;, Appendilx B.
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25 percent reduction of data points used to estimate the

parameters would significantly decrease the fit of our model.

R The regression mcge. was a.:35 Tavored because 1t includes a
L rumber 2f  external factors affecting attrition that the
A

.- ZeCc1S10N maker wlull 2xC2Tc ts e important. The other two

rodels Zonsi1zer e ATTTLTians <0 bhe essentially a time

series.
" The results of this ccmpartscn cornfirmed the regression model
3s Trhe  zTest 7 Ihe TmT22 .0 Thls Zase arg are2 summarized in

. TABLZ 3.+ SEZIDLAL COMPARISON

[ Method —ipredicted—actual)®
-

if‘ Regression .006623

b Weighted .0240

o

o Exponential .05772 (a= .B2)

~e llrear regressizn ncde . saas the only model of the three

31Cuals appear=2a o be normally distributed.

“or ahich the r

n

» The regression moce. should be used with the following
&ﬁ Izmments 17m mi~C:

N - Toxey ITeT., si2C ERCE Nas Jiscusseg  some dangers in

- ~S173 a -~_3"=2=z.Z° hllohe oc-=2dictions. The range of
- SCCorTITLI 1nZiZatoT= YL LSEZ - 198B6 was small (relative

i ) FIooomil staClllc Za.t:ion  should be used when
1<. extrapolating bevond trhe ra~ge of the carriers used to
v, .

e develop this model. It is recommended that the model
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' be reassessed when the observed data exce=ds the ranges
-
{
3N of the data listed 1in Table 3.5, used to develop this
1 G
.:_x: , -
vi( mocel. The mogel sheculd be regularly reassessed and
Y
'.l:., .
updated as more cata becomes available.
Ty
e TABLEZ Z.Z RANGE CF CARRIZR VARIABLES
‘a.'.-
'j{ Varian.e Maximum Minimum
Pay Differ=nce .0157 -.0187
;.:.\
o ZPI ZiT zr2mc=2a 0 norIn .20795 -.01149
1\.~..
e SNP Zi " =r=r-g32 : S0nNnIOSs L0306 -.0031
A
!,5 Unemp.cvmnert .- "2rsncag . 1368 -.180
' 6 months
S Expiration of Enlistment 535 19
S 2. Additiorai uncertainty is introduced to the model
- becaucse we will normally use quarterly forecasts of
® econaomic nglcatars and will interpolate monthly
"
}vg values.
oy 3. Pnmlicy changes can nave a significant effect on the
"é model. Evern as this model was developed,; a significant
- r2CuctiIn L0 Z-!L atsritiens  took place due to major
'lf' zharges ~ she 2ischarge procedures at the CG recruit
N
oY

training Zsnter., Since we felt that these changes were
long term, and we were able to observe from the first

s1x montrms of the 1987 data that the attrition rate had

v

dropped by 35 percent, we modified the E-1 and the w

£A7

aggregate attrition rates as discussed in Chapter I1.
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Additional policy changes such as a two year enlistment

and a two year extension policy are being considered or
have been implemented since this mogel was zZevelon=g.

The impact of these and other changes 13 Jnkncwr ard

should be considered when using the mnccoe:. n2 sout

-4

.

of the regression model will be integrataa Lhto Tre
spreadsheet application of the entire moce. ang zne
user can test the effect of these pcliz/y zImarges v

overriding the default attrition r

iy

T2s Zzerevat2g e o

10

regression anaylsis.

B. RECRUITMENT VECTOR
Accesslions may occur 1into any paygrade as describped 1n
Chapter II. Our recruitment vector, r(t), will be a vector

of nine elements which are the accessions to paygrades E-1 to

E-9 respectively for month t. The data examined 1indicates
that the last three elements (E-7 to E-9) of the - t., vestor
should be zerao. An examination of the gdasa as Iesc-:2ed 1N

Chapter Il lead us to the nypothesis that for paygrades E-Z2
through E-6, the monthly number of accessiorns 3r2 Zcnstans

over time. QOur nypo=zhes:is for E-

n

acI2ss.on

]
th

monthly accessions are the same for all noNtns =xI=2pt
December and June. E-1 accessi1ons are the resul=s  2f 20:i:2y
decisions (recruilt guotas) which this model hopes to
influence. We were not able to observe any time correlation
among the E-2 through E-6 recruits in the four years of

data. We conducted a one-way analysis of wvariance to test
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the hypothesis just described.
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In all cases we found that at

reject our

a significance level of ao= .03, we could not
hypothesis that the monthly accessions were constant cver
time. The results are summarizcec ir Tapl=2 Z.o.
TABLE 3.& ANOVA FCR ACZESSICNS
3.=2.3 =2NCYRA Taple  SgIEgSELIE Do
Source SS af MS =--3tid ;
Month S2.4000 1y RPN =z~ |
Error 349,762 &S 2.z2e7
Total L02.162 73
ré = 3.5678 ® 4
J.6.b ANOVA Table Accessicns £-5
Source SS af MS F-ratio
Month 299.4093 11 27.219 .26l
Error 3010.4286 62 4B.55S
Total 3309.8378 73
r5 = 9.59%5 = 10
3.5,z 2NOY4S Tapls Sczss=.lons Z-o=
Scurce SS gf MS S-rati1o
Morth 164,177 11 14.925 “ O
Error 2290.810 &2 36.949
Total 2454 .,.989 73
r“ = 6.014 = 6
56
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N TABLE 3.6 (Continued)

Al

l . 3.6.d ANCYA Table Accessions E-3
!Source SSs 3+ MS F-ratio

Ny IMonth 797 .934 i —“2.521 1.223
lError 367S. 143 = T2.276
Tatal saTZ.E3T8 TC

S.53.2 “HTsa T3gLle  SgIessiconsg -2

[ Source SS ahd g F-ratio
Month 1936.692 3 215.188 . 329
except
DEC, JUN
Error 33983 s2 653.537
Total 35920.597 &1

Fa(except DEC,JUN) = 32.73 = 33

r_(DEC) = 22.0 = 22

;E(JUN) = 12.4 ¥ .2

Eased on the anrnairsis and the discussion above the
Fz.lowing estinationsg ~2r2 2sed “or the recrultment vector.

The estimatec accz=2s3.2rs Tor E-3 to E-6 1s the-average
cf accessions cver 74 mcnths (CCT 79 to NOV 895).

The estimated accessions for E-2 1is the average of

accessions over 74 months. The estimate for December 1s the

average of six Decembers (1979 - 1985). The estimate for
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June is the average of June accessions during 1979-82 and
1984-85 (1982 was rejected as an outlier).
E~-1 aczc=ssizcns are estimated by subtracting the

accessicns e2stinatec zbove for paygrades E-2 through E-9 from

the tazal ncrto Ly actC2ssions (Rt ). Total monthly
acgcessiors are talculated by subtracting last month’s
attritions « 1.2. azTcoriticn rate times the stock) from the
forecast tctal $IdC< TIor this month (NO(t) ), Computation of
N LS I®2sc-lz2C .~ Tetasl Ln Zhapter Iv.

Then £~] acctessicns are:

q
r,(t)y= R(t) = T r. (t)
i oy 1t
Thre average =2CIfsSsSiINs. - y for paygrades E-2 through E-9

are summarizec agcve 10 Jable 3.6.

Periocdically +*tne CG decides to restrict accessions In
pavgrag2s  T—-- I -z, In this case the model may use the
same 2<% .mna%3s " Ir Zavgracees E-1 tc E-3 and zero for E-4 to
E-6&. We exam:ned  arether this change in policy had any
effect on E-2Z andg E-3 accessions but could not determine any
signifizcant changes as the result of this policy variation,
Our data wunder this type of policy change was limited to ten

months (December 1985--September 86) and we recommend
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further evaluation of the assumption that there is no effect

on E-2 and E-3 accessions as more data becomes available.

C. PROMOTION RATE
A brief description of the promotion process, 2xocanding
on our comments in Chapter I is useful to Tlar:%/ =he

derivation of the flow rate estimations Zevelooeg ~er=.

Vacancies in this model are defined as the cif erence
between the authorized strength {number- =-f S:l.=2%3. “o3r a
paygrade and stocks 1in thas o2savgraage. F1..=2%3 Ian >e
generally divided into two categor.ses——-fi=2.2 4niTs
(operatiormal and support) and general detail (oersonnel in
transit,leave enroute to next duty station, imprisoned.,
extended hospitalization,undergoing extended training or
schooling, and personnel in non-specialty jobs such as

recruiting). Billets are essentially limited to one and two
percent of the total force strength for paygrades E-? and E-8

on’) 1s

b

respectively. The basic billet pyramid igistribut
based on historical precedent which in some cases 1s oased
on well documented needs ( a ship or airstation’s standard
organization) and in other cases basea 3N andeocumentec
heuristic decision processes developed as changes a3rnc 1eecs
were managed. Billets are generally added and subtractec
from each paygrade as units are authorized (new ships or

airstations) or decommissioned, Or as new missions are added

by Congress. Changes in units and types of units usually
have prescribed manning levels, however, if these violate
39
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other mandated size constraints,; then ad hoc changes are
! made. New missions frequently have no clear cut personnel

structure and the changes created are difficulrt to estimate.

There are efforts in progress to guantify these requirements,

. Fin “-._'.. ;’.‘_

Ay

most notably in the general detail port:ion. Other studies

.
»

.

vt
.t

are being conducted to evaluate <the l=2g:iftimacw AT the zurrant

PR
3t

I .
FELURLINE SR P

structure. The best generalization that seems to be possible
- from examining the current method of moadiTying =<he biliet

allowances is that in the short term (ore ,(gar:', “he ~afig 27

b " the number of billlets in a paygradge %o the tota: mcnthly
e

pj5 force strength remains the same over tTime (from one morth to
ﬁf the next).

( o Promotions attempt to fill billets as fully as possible
s from the top down. If a vacant billet camnmot be filled from
h T~ the grade below, the CG attempts to fill it with the next
.-:‘,-

"' lower paygrade. This procedure terminates at the E-S level.
- - . -

- The process 1s further compi.catec Jecause the actual
:{} promotion process 1S categorized by rating {specialty) as
e . 4 ; _
) well as paygrade. Some ratings have histories of chronic
o

“ shortages du= ) “avoTzD L= Ll Llar 2mpizcyme~
i

. opportunicies. Sur ncZ2i 135 TCN IS ZET el MLToThe2 Tatitgs

but we will consider the effect of rat:ing shortages whe-

calculating the number of billets that will remain unfilled.

Careful examination of the process seems to i1ndicate that we
can view the process without regard to ratings and still not

reduce the quality of our estimations.
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1.

Promotions can

Promotions

be broken into two general processes.

to payqrades E-S through E-9

as follows:

3.

obtai

stock

(1)

(2)

(3)

(4)

The

e

end

billet

(LA

Promotions

The stocks

The T

from the beginn:rg 57

of

This projected stock

ar= slated

fu

- -

from paygrade E-9 downward

frem the <4 gav of the current month are

ned from #MIZ 1atvacase.

ollowing personne: novements are subtracted from

S

Ngn—r=enl

AN estimatac actTricion rate is applieag tc known

enlistment 2xpirations Tor the current month. In

(E-

=

the smaller savgrades 8, E-9) these attritions

may actually be anticipated by the assignment

officers who are assumed- to have more current and

accurate information than the database.

Retirements

A
a
It

Retirements the upcoming month are

antici:patac .e

3V

ot

ters on file.

Anticipated warrant officer promotions

Promogtionrs next

higher pavygrade.

Su.= OT 3UC=r-3CT1nNg The apove personnel movements

nontn stocks is the anticipated

month =s2cks  prior to promotions to the

paygrade.

is subtracted from the planned

strength for the paygrade to determine the
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numpber of vacancies for the next month. These vacancies

are then “...=cC ~lth promotees from the next lower

cavgracs. zZanci2s  which carmnot be filled due to

1N~ 121" I-2rzIrnel eligible for promotion are
Tar-.ec LI.t To e ~ext pavgrade.

There ir= 2r2c2cur2s <o account for changes 1n the

general Zeta.. w~n.I" Tav Zause overages (l.e. the number of

oillens 1s czZec-=23s22 2ven  though no attritions occur). For
2vamo.=, E3N - 1aw 3 “1..1ing an E-B8 recruiting billet

tthis 15 a gere-z:. 312ta:. Dililet and rnot a specialty billet).
If there 15 a vacancy Tor an E-9 in his/her specialty and
he/she is the senior person eligible for promotion, he/she
will be promoted. However, the specialty vacancy remains
unfilled because cthe proﬁoted E-8 1is not eligible for
transfer to fill that billet . Additionally bhis/her status
as an E-9 in a zeneral detail billet is exempt from statutory

.
1

upper lim:its ~“2r that naygrade (i.e. that E-9 doesn’t count

s

toward the one sercent constraint). CG policy is to promote
the nmnext eligitie E-8 personnel to fill that E-9 specialty
vacancv. —ater. .2 13 ccssible for the E-9 in the recruiting
D1ller =<3 e <rars-er-=2d nack into his/her speclalty. Both
persons are ncw Zsunted against the specialty billets, and if
there were no atzritions from that paygrade, the CG i1s now
overfilling “ne £—-2 billets. The purpose of this

illustration is to demonstrate the minor policy variations

that could account for overfilling of vacancies, especially

&2




in the upper paygrades. The numbers involved are so small

that we will consider them insignificant for this model.

c. Promotions to payqrades E-2 thrcugh &-4&

These promotions o©Qccur onNn an as gquaii~:ed casls.

When an individual has completed the requlra2ment

ut

t
(¥}
3

training, time in service and paygrade, and 1emonsIratians T
competence, he/she is promoted. Persomnel 1n pavygrages =-c
and E-3 essentially fill the same jobs, therefor=s <he IG5 1ces
not regulate the promotions =0 E-3 other =han <o IJerermnine
the requirements described above. The gromotians =z Davgraae
E-4 are mainly regulated through the use 317 A-schco:
(specialty training required for many ratings) guotas and tne
service wide examination for the small portion of individuals
who "strike" (qualify through equivalent on-the-j;ob
training) for their specialty. All qualified "strikers" are
advanced on 1 January and 1 July. These two metncds astempt
to keep the E-4 stocks in line with the authorizeqg nillecxs
and unfilled vacancies which have been car-i.ed zcwn T-om the
upper paygrades. Figure 3.1 is a graph of the number of the
cumulative, wunfilled vacancies 1n the =-+ ard zocove
paygrades during the period October 19gz thrcugn Z=2ot2ncer
1986. Positive numbers indicate wvacancies anc negative
numbers 1ndicate that cumulative stocks exceed billets. It
appears that the process of <carrying the vacancies down

varied considerably.
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Figure 3.1 : Cumulative Unfilled Billets

3. Model

Our model attempts to reflect the actual process used

Dy the CG te determine the monthly promations ( and

consequently the promotion rates!. The “following equat:uns

were developed to estimate the promotion rates.

a. Promotion rates to E-S through E-9

In order to attempt *0 capture +<he areviously

described promotion process, we Cca.culated the number of

vacancies we expect to fill during a month. This will

usually be less than the anticipated number of vacancies that

will occur because for most paygrades, we expect tao leave

some portion of the vacancies unfilled. The number of

promotions 1s then calculated as described previously.
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As previously

that the number of btilla<ts

the total force strerg:n.

i1s defined:

mentioned,
1N paygrade

“re-=fore,

PYR = the ra<.2 » Z1.12ts
TItal ~uamper T Zille
This parameter 1s 2st:mat=Sc as =he rat
average number 27T ZLL.2T3 pa
ivySTage2 T Tne T2%3 . Tampsr DT Tllilets
“he Zata <o the mcst T2C2nT r@2ar o M
Of the ratios 1in severa. 37 <he cavgra
Next define
PCTi(t) = the nerzent
paygrade 1 far  wnizh we e

eligible personne!l

This variable attemnc

3}

ot

ZJescr.ped tnabi.itv

-
~

function of time. For 2xample,

~ew ll1sts of personre. 2.:3:2le fecr

Thera2 5 A Tl3niT.IzirT TCcUERase 1

jatancies because AT oI Time tThe

agd4alilirfied persorrel az zsssz:2.2 to fi

PCTi(t) values were estimated as

1984 through 1986 for each month t and each paygrade

to promote.
] Zapturea

3.. 2l1.let
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2avgrade i

in January and July,

historical data shows

is a proportion of

s

the following parameter

paygrade 1 to the
TS,
io of the 1986 monthly

to the monthly

. Ae geclided to limit
nimize the upward trend
des.

age of the billets available in

xpect to have enough
the CG’s previously
S. This wvariable is a

when the

promotion are 1lssued,

a che ability to fill

CG may promote as many

11 vacancies. The

three year averages for
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th
b A
O
p. .0
s Next, introduce
Ty
. N (t) = Total stock on the last day of month t
S
.- n.(t) = stccx 2f pavgrade i on the last day of month t
AR
S " -
C Tar 0= 142400004
¥ S

- = = mwumper promoteg from paygrade 1 to 1o+ ]

.y .7
Iuring Trhe Zericg [It-lst) Tor 1= 1yZy...58.
Also gefine
3. - = Zromotion rate form pavgrade 1 to
-y L.

ZTAavIrace .-,
® [ o , T3 1S 2sTt.nat=c 3s the number of promotions from
p— laeyl~>l
}fff paygrade 1 %tc . - . Si:vided by the stock of paygrade 1 at the
e beginning of perica t.

The number of promotions is calculated as

follows:

1. First compute *the projected number of billets in

paygrage 1 Zuring period t = PYRi* N(t)
2. Mext,y, To-mcut2 tne orajected number of billets in
pay3jrace . Trat will be filled during period t:

PCTi(t) * PYPi* N(t)

3. Finall,. =re zorojected number of promotions to

Savgrice . Iur.rtg seriaod L[i-1,%) s

ot
|
19}
(]
1
1

n po= P+ PVRE eN(s) +on. 0 () = In (-1 e{l-w ()]
1-1y1 R 1 19i+] 1 i
lzsybv—!EvQ t=1,E,...;la [(3.17]3
It 1s possible for the CG to shrink in total strength so

that equation (3.1] would estimate a negative number of

promotions because the decline in the estimated number of

billets exceeded the estimated number of attritions.
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Accorcdingly, we reflect CG policy by modifying our estimate

to be :

nt () = max (O, n., |, (¢t
1-1,1 1—-1a.t

The promotion rate is then estimated by:

Di—l.i(t) = n;_l,i(t) T mi(t>
The resuits of these estimates are summarized 1n “ap.2 Z.7.3
TABLE 3.7.a PROMOTION RATES TO E-S THROUGH £-3
E-9 E-8 E-7 z=-6 =-Z
PYR .010 L0164 .0896 L8l i
PCT(t) 1.0 1.0 .998 L Pu3 . 3E¢&
excluding H
JAN and JUL
PCT(Jan) 1.0 1.0 1.0 L9260 . 200
PCT(Jul) 1.0 1.0 1.0 . 960 . 700
b. Promotions to paygrade E-4
These promotions are directly tied to the
internal policy of A-school scheduling. “he “actors

affecting this policy are complicated anc Tthe 2ata seems to
indicate that the policy varies considerably. Our proposed
estimate of the E-4 promotion rates 1s based on the
observation that there 1s a large ircr=2ase .~ <"@ 2rzmch.zr
rate i1n January and July which we atiributed =srt.-2.. o =he
policy of promoting all "strikers"” from the ne~ acvarcasment
list. No other time trends were observed in the data. A one
way analysis of variance testing the hypothesis that the
monthly promotion rates (1983 - 1986) for all months except
January and July are equal indicates that at a significance
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level of o = .05 we canmnot reject the hypothesis that the

rates are the same. See Table 3.7.b. Qur sstimates for all
months except January and July will b5e the average of the

other ten months’ promotion rates for 1983 - 1986 (40

observations). An examination of *ne nistoric "striker!®

n

promotions did not reveal any signit.zanrt trengs. We will
estimate January and July promoticon rates as the four year

average of the respective monthly rates for 1983 through

1986.
TABLE 3.7.b ANOVA PROMCTION RATZ 70 =-4

Source =] df Me F-ratio
Month (except .0027846 g 3.094E-4 .633
JAN, JUL)
Error .01446596 30 4.886E-4
Total .017442 39

53’4 (all except Jan,July) = L0 L3

53’4(Jan) =.07228

Pg,,¢Jul) =.09355

c. Promotions to pavgrace =Z-Z

(1)
+
U

Qur hypothesis for the oromozT:icn rate o E-

that the promotion rates are the same for each month.

However, the dcata appeared to 1nd:cate a ganifcrm procmotion
rate throughc.t the year with a relatively large 1ncrsases 10
July. We could not determine any internal (policy) causes

for this increase but we suspect 1t 1s somehow related to the

&8
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processes already described for the E-4 paygrade. A one-way

ANOVA of data 1ndicates <hat at a significance level of

x=.0S8, we cannot re;=c- che nwvpotnesis that the monthly

‘

oromotion rates Tor 3.. nontns =2xcent July are the same. We

2stimate zhe E&£-3 oprzcmct:iZn ~at=s  as  the average of the

ot

nistoriz mentnlo craom

e}

“.3n “3tes “or all months except Julvy,

m

over the years [985-.7Ze. _uiv’'s promotion rate s estimated
Y

-sing a four vyear averaige Iver <n2 same vears.See Table 3.7.c

TRZLDT .7 .z =N SECMCITICN RATE TO =Z-32
Scurce c= b MS F-ratio
Month (excep* LOOTLEEE 12 7.193E-4 .872
JULs
Error L0272 0x =z B.2486E-4
Total .0344136 =3
P~ (all except Janm,Jluly = .0675¢
2,3
P (Jul) =.110EZE
2,3
d. Promoti:zcrs T35 Zavgrade =-2
These promozions are the result of successful
zcmpletiong of recro:is =-3i~ing. ~e fel+t a reascnacle model
ACLid DJr3;2eCt Troe TumIEc 2T 372IMCT2es Jased IN oL 30I=2ssions
sa@gged two arg tor2e TmCcTToE 3.7Ce2 Tecrult training 1s £ oweeks
in duratiocn,. We ervami~-=2c a linear regressicn mcdel of the
form:
n (t) =f3_ + 3, r (t-2) + B3, r (£-3) + €
1,2 0 1 1 e 1

We found that the number of recruits lagged three months was

&9




a statistically 1insignificant

s, a simple linear regression
SN recruits laggec :two menins. D
N, the recress.cn ana:vs.s we
\

et opDser/ations JANBZ.oCTeZ,JECE
e amorg cSur =3¢ I2S@rvitions. our
e

4“-7. B _ R )

SV value o7 .25, ~E Teu.t these r
O cf tne prooclems w~e nNac 2xtrapol

1mi1ti1on. The difference w1l

the model to be developed.
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carrier variable and developed

model wusing only number of

uring the diagnostic phase of

decided to exclude four

3, JULBG) as probable outliers
results acnieved an R-square
esults were favorable in light

ating the historic promotions

At Tz Z-=Z IJEsIZT.zes .0 Zranczer 1. The results of this model
s are2 summar.izsc .- Tao.=2 Z.7.d.

®
-f' TRBELZ Z.T.z =EZREZSSION RESULTS FOR PROMOTION 70 E-2
o
o 2= 17.39
R o)

A0 3 = .712428 (r(t-27)

o R= = ,588

] - S_mTrers

PR

n'_. 3 .

¢&{ M@ NI .2 "I 2 TTat zramction rates estimated by these
NN A
PRy ret-ccs Ta ., 22T .Iw  when compared to what is generally

LY
é;k.

.y gerzo:.ec . " memce-s  as promotion rates. Our promotion
S ~ats= -2 ST IIIToLIrs 27 the entir2 stocx n the next lower
k.- .-

B -

T 23, L7222, ~T..2 Ir:ztciicrn -tates are  normally thought of 1n
(=Rl i S IoTT oI bhd those eligible for promotion. We
nase e s1GuSiy described the lack of data on eligible
persorrel that prevented us from using this latter

1 be consistent with the rest
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IV. MANYEAR CONSUMPTION ALGORITHM

Each fiscal vyear (1 October--30 Septemter: Zorgress
- specifies two personmnel growth constraints that ars nertinerc
S to the forecasts of attrition rates and fTorce s:ir2-gzh. "He

~ CG 1s given an end of year total forze sir=ngth “arges an3 :n

annual Full Time Equivalent (FTE) target. The FTE *target .3

-t{j the cumulative monthly manyear consumpticn for a “.sgal wear.
ﬁiﬁ More specifically, the FTE {(manyears) consumed i1~ 2 nCnNIN 3
P
i:“ defined as 1/12 of the average of the beginning 27 naonzh

- stock and the end of month stock. The purpose of the =-7g

target is to provide some external control of the growth

("' . during a year. A graphical representation of the
f-: relationship between the FTE target and the montnly stocks
%if should clarify the purpose of this constraint. In Figure
‘ 4.1, we can see from the preceding definition that the FTE
5}' 1s equal to twelve times the area bounded bv the nonth ax.s.
_iﬁ the stock axis, the line connecting the monthl, stocxs arg a
ifé vertical line at the end of the year.

ji‘ The algorithm developed in this section w11l “arz2cast =ne
::; end of month stocks, M(t), during the fiscal sear ThAaTt Wil

o meet toth the end of year stock target and the FTE target.
:Eé It will also provide a solution to meet these targets when
Eg%: the starting point is some end of month during the fiscal

;E‘ year, 1.e. given the stocks at sometime at or after 1 October
X8 i
i?: 1t will provide a solution for the remainder of the year.
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Figure 4.1 : FTE = 12 x Shadec Aresa Jnger %the _:ne

An 1nitial examination of the prcbiem revealed that
without additional assumptions and constraints, there woulad
be a large number of solutions to any realistic set of
targets. Therefore, the following restrictions were
developed by examining the processes that influence the
current decision makiné:

1. The change from the beginning of the year to the end of
the year shcula be as linear as opossible. This 1s
justified by the need to reduce large changes to the
system. Due to the small size of many units, paygrades,
ratings, etc. in the CG, a .arge monthly zZhange 1n
total strength could have an aagverse effect on adegquate
manning of wunits. Additicnally, a large change 1n the
monthly stock would imply a significant change aof
recrults at the CG training center; this 1s
undesirable, especially 1f the change results 1in a

large 1nflux of recruits.
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2. The number of recruits are fixed at low levels for

December (there is an historic inability to recruit at
higher levels prior =z *ne nNoliday season) and June ¢
the CG recruit ~ra.ning <ce2nter (s used primarily for
reserve recrul” Tralning Curing the summer months).
Jsing historiz zarta. ~e sr-.veg at an upper bound of
200 Decemper acz=2ss3.:2rs anc 100 June accessions, unless
the CG shrinks ov ncr2  4nan 3500 during a year,; in

W l1Cn Z3cse Tne acI=2sslIns ar2 ‘ixeqg at zero for both

Jecemper arg June.

ULl

. Given the apove TERSIrLITLIONS, ~e should attempt to
preserve linear:=v “ar tne longest number of months
possible. We assume %that the changes occuring during
any particular month are linear.

4. Historical data srncws recruiting efforts are most

successful in August. Seotember, October and November.

These months =rovice the most flexibility in meeting

Juotas.

A. MODEL DESCRIPTION

The orzoie2m ¥ Ta3rnw.ating an algorithm to determine a
~n:gue forecas®t <+ -me 2ng 7 nonth strengths that would meet
tne restrictions desc-1-e22 aocsve was facilitated by examining

a graphical representation cf the constraints.
We previously menrt:oned that the CG prefers to change
linearly. Ideally, the monthly forecasts of force strength

would lie on a line connecting the 1 October stock and the
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® following yvear s 20 Sectember stock (Figure &4.2). This
ﬂ~ solution 1s improbabi:e for the two reasons discussed below.

. First, we have prev:iously discussed the limitations on

( accessions for December amnd June. As a result, accessions are
5 “-'..‘ . . B} . .

SN narmally less than attritions and so, stocks decline during
o those two montns. Therefore, in the months of December and

June, we see a Zec.ine egual to the difference between the

-~
- estimatea attir:tions and the fixed number of accessions.
v

3: Otherwise, we can maintain linearity during the rest of the
S

e year . The resulting monthly stecks lie on the bold line |
x -t |
,;i' segments .n Tigure -+.Z.

F A

:ﬂ3 Seconaly, as 2:scussed previously, the FTE constraint may
ko

. require the CG <o change more toward the beginning or,
.

o

S

{;: alternatively, the end of the year . The pure linear solution
--)-

i{ could only provide an FTE equal to the average of the 1 0CT
; and 30 SEP stocks. The piecewise linear graph we have just
T

v

I:{ described will allow us the flexibility te find at least one
.
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area under the five line segments. The dasmnec .. es 10

Figure 4.3 demonstrate and example of
area under the 1line segments) and
FTE. Specific examples may clarify
are possible with tﬁe five line

Figures 4.4 through &.&6 we are look1

five-pilece line segments that connect

for 30 September (31000 with the

(33000)0f the following year. Figure

a larger FTE r‘greater
alternmnatively a smaller
the changes in FTE tnat
segment description. In
ng at three d:ffe-ent

the end of month stcoC

30 September stoCk

4.4 demonstrates an FTE

that 1s the average of the beginning and ending Stocxs. This

would encourage the CG to grow 1n a

linear manner.

4.5 demonstrates an  FTE that 1s closer to the beginnrn:ng

strength than 1t 1s to the ending strength. We can see that

this encourages the CG to grow more toward the end of the

year than close to the beginning. Figure 4.6 demonstrates an

FTE that is closer to the ending strength than 1t is to the
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beginning strength. This

35000
T

32500

o

ne

toward the beginning of the year and

3000
A

31 v 31 ST uat

Figqure 4.4

32000 32500 13000
T T T

STOCK

31500
T

11000
T

' . .
10CT 3 wOv 3 aan 30 wam 31 war RARS T8 30 sep

START = 310C0 END =223CC0 772 =23"570 A =1.431

Figure 4.3 : Lower FTE

Similiar graphs can be

U . L . e S

B T L ST R S SN W, WP WL AL & S U AL SR U PP YR, S W Ry

seen 1n

POV, .U,V V0 DN S P Py

START = 310C0 END =32CCO 7t =12300 A =1.431

encourages the CG to grow more
less toward the end.
N4
21 war pARSVIY o0
: Default
1 ]

32500 33000
T =T

ST0CK
32000

31500

N . .
ocT 31 WOV 3 A 31w 3t wAY 3N AR X s

31000

START = 31000 ENO =23C00Q FTE =325C0 A ~1 43°

~1gure <+.5 : -Higher ~7E

Figures «.7 through 4.9

for @ situation where the ending strength (31000) is less
than the beginning strength (32000).
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: We previously stated that the area under the described
3 , |
N line segments 1 twelve times FTE. We can see from Figure
LS
LS
N “.2 that the oniv pc:ints tha:t are “ixed are | 0OC7T arma 30 SEPT
x‘:\'
N

of the following vear. We zan further see from Figure 4.3

that one way we can derive a combination of eqgquations for

- the five line segmer:s *nat satisfies the FTE constraint is
B to speci1fy the slope of the 31 DEC - 31 MAY line segment.
-

- Once the slope of this segment has been fixed, there will be




g - ! " ” P T P oy P W o T o Y W= D |

a unique set of line segments that concurrently satisfy the

accession restrictions and the FTE constraint, i.e. the area

A under the l.:-e segmnents must 2qual twelve times FTE. We can
Subsegquent.. IescT.Ze a uniJue =2quation for the area under
the line segmentsz .10 -2-1ns of the monthly stocks.

N2 Tan Tow spec.rizallvs gescribe the eguation of each
ilne segmen: .~ he general: form oy = mx  + bD. We will

initially ogceecr:ze senarately each line segment. Later we

2
-
'
1]
t
i
of
v
Yl
D
o
I
1]
1
1
]
G

= 1,2 line segments Through their common

- —

Z-.o0e tThne s.ope 2f Tne 31 DEC -31 MAY

U
0
\-
3
ot
u
y
Ui
t
11
s
D
n

line segmert .~ "2.az.InshiD t0 the slope 9F the 1 OCT - 20
SERP line Tre Lzea. L.near case). The slope of the | DOCT-
30 S2F iine w~1.. 2 zZalled DEL. The slope of the 31 DEC - 31

MAY lime segmert  w~ill be described by the multiplier (A}
times DEL. The .nrt-2guction of the multiplier A and the

reference to the l.ne 1 OCT - 30 SEP slope (DEL) will be

1Mporta~T T2 Mol iIzT.on3s Lo the algori1thm described later
P 2eZaus2 e 1 nav N&™ T T3 Znarge = %o control the monthly

rate o¥ Chnarge 1° STOoCkxS. The multiplier A wi1ll allow us to

Znange tme  3.z2e oF -~e 31 DEC - 21 May line segment Dy

- LTCTe3s 0 17 TEC T Ea3lTT S ME NI LD Aal32 <"ow f  the slope
S5 cf <=2 Z: ZET - I, M/ [i1ne segTent .Ss more or .ess steen
n'r\
“ipid thar tTTe ¢.Zzs - e LZeal . CC7T - 3 Septemter line. we
.. krow that S ) T arg therefpore, ar £ 2 ] 1rmcreases the
| )

A steepness of the slcpe and an A < | dec-eases trhe steepness
o of the slope.

.
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In order to describe each monthly stock in Figure 4.3

first nmneed to define the following variables:

Let ¢t refer to the end of the month, namel:.:

means 30 SEP t=7 means
means 31 0CT t=8 meanrs
means 30 NOV t=9 mears
t=1
t=1
t=1

means 31 DEC o meanrs
means 31 JAN 1l means
means 28 FEB 2 means
means 31 MAR (fTol:

ot ottt
fl
CUNEFE WL e—O

Further,
FTE = The manyear consumpticn soe<. ™. 2a

N(t)

Total strength at time ¢

N(O) Total initial strength (given:

]

N(12) 30 September Stock (given), 1.e.

end year strength
WJ = 1/(1-June attrition rate)

WD = 1/(1-December attrition rate)

RD = December recruits, fixed as descr

above

RJ = June recruits, fTixed as zescricec

e}
s 4
™ D
< D

<

(

r.
Lz

“
l

ﬁ

G

O ()t i bt W
{
s
I

b
-
J

vear

total

ibea

CCcwve

DEL = (N(l2) - N(O) )/12 : slope 27 line

segment connecting beginning and
stock. The algorithm developed

Jiffersnce between ~ne Tegl onLtg

encing stcck of at le2ast 2re. =

practical purpgoses,; tTN1S wl.. Ta.
effect cn the erd resuits.

A = the slope multiplier
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Each line

Table 4.1.

N¢11)

segment 1n

Figure 4

TABLE 4.1: STOCX
= N{11)
= ZN(11)=-N(12:

NC(1O)

N(9)

N(8)

N(7)

N(&)

SN(lli=~2N(L

y

WI*N(F)=WI*RC

N(8) - Ax*DEL

= N(3) -

1Y)

a+DEL

We next formulate the equation

KA o T e T W T Y TN U Yy N W wir wTrwy T W T T vy

.3 is now described in

FORMULAS
N(E = No3) - 3A+DEL
Mis = N3 - —a«DEL
NCZa= 03 - TAeCEL

Tor ~ne araa andger The

line segments and solve for each of the montnly stocxs. Thisg

1s an uncomplicated
numerous variables
parts.
1. Part 1
Part 1 s a
All stocks wili ne

August was selected

peri100 sciuticns).,

modifi2c 2y tFre Ieci1-=2¢

Fart 2 1s

optimize the

mcdel .

but tedious

sC we will

sclution for
rerterenced to T
to simplify the

The multipiier

¥
M

-

B

Wwe willl. provide a defallt sc

a solution f

Cptimi1zata
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procedures hecause of the

solve the problem 1n three

“he mecce. starti-g 1 OCT.
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solution to part 3 (mic

S Lsec LN tThLs ZT=ar T mnay oe
sz —AgLLz"2 T LT SwTe
C.uT.Cn Yor the nultigiLer

or the multiplaer A to

on will be defined as the




a,
P

least squares sclution which minimizes the difference between

the solution’s stocks

~an1Cch would

nonth’s stocks arc th
3. Part 2
Part 2 15 2
Zoint 1n the year.
minor modifications ¢t

result

-

e

TArougr

[m}

(

o
-

L)
{

’

as shown

The

zome T L ne

W

(¥}
m

2 50.47%.237

1n Figure 4.3

iine between th

Ui

Traignet

U

sToCx Target.

“Sr tne aroblem startc:

The ~.se 2T binary varui

assumpt

AT Ter o

“2w 3%2CKS TOr <Thne ~2ma.nde” 27 ne ,ear o mneet Ine
Ianstraints,
B. SOLUTIONS

1. Par+t | Full ¥Year Ycge:

The objective nerz is to find the end
strengths, M{t), for a.. T = 1y2y4..511 that will
Zanstralnts descrineg Sr2avizus. s LN this chapter.

The flirs- 3T 3C z i describe  =2ach end
sTack WNit)s From Tao.2 +.. L7 cerms of the 31 AU

The resul

Nex Lo phe
20Lsati2n for ttme oat 23
CarFrTE = N

<t
u
[{]
-

u

summar izec 1n Table 4.2.

“ar NGO L) we

= +2Z N(t)
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TABLE 4.2: MODIFIED STOCK FORMULAS

N(11)= N(11)

NLLQr= 2NCL L) =NOL2)

N(=r o= 3NCil)-2Nvid)

N2y = AI#03INCLLY-2N(12)-RJ]

HOTh = AS#*ICN(LLIY-ENCI2)-RI1I-A*DEL

Nio. = wJ#I3N(11)—-cN(L12)-RI1-2A*DEL

N(S) = WI*I3N(11)-2N(12)-RJ1-3A*DEL

Miws = NO#I3NI1L)-2Ncl2)-RII-4A*DEL

MEZ, = AZ#CCNCOLL,=2NT12)-RI3I-2A*DEL
WI*WD#+IZN{I 1. -2N(12)~-RJI1- WD*[SA*DEL +RD]

CSINCO S+ WIS *ND*I3N(I 1) -2N(12)-RJ] - WD*[3SA*DEL +RD1>

We then make the substitutions in [(&4.1] for each N(t)

in Table 4.2. The resulting egquation is then expressed

in terms of N(il} and solved for N(11) to obtain:

£
]

SN INUMI + A«NUMZEY - DEN (4.23

for rozasicra: simplification,

)4 L E+Z AN +ENT WD I +2LWD#RD+WI*RI* (WD+4 ) ]

12
|
u
t
iu

CE_+ Zeal ang DEN= 12+FWI+*(4a+WD)
remalining Mit.s  are  solved by back substituting the
fae.2] for M) into Table 4.2.
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2. Part 2. Determining the coptimal multiplier (A).

The optimal multiplier A is defined as that number
which provides the least squares solution minimizing <-he
vertical distance between the projected stocks and the s:tocks

lying on a line between the starting stock and endirg s:zock.

s

This measu-e of effectiveness was suggesteg 3v -he I35

G)

0

e L.ne as

Ui

desire to remain as close to the 1 oct -

possible. We define the following additional variables:

Let P(t) be the stock for month t lying an zhe ..re
segment connecting N(O) and N(l12), i.e.
P(t) = N(O) + [DEL*t] t=1425...,511 1433

Let D(t) be the derivative with respect to A of N(%,,i.2.

D(t) = SN(t)
SA

Then from Equation [4.21 and Table 4.2,

D(11) = NUMZ2/DEN

D(10) = 2*NuUM2/DEN

D(?) = 3*NUMZ2/DEN

D(8) = 3*NUM2*¥WJ/DEN

D(7) = 3*NUM2*WJ/DEN - DEL

D(&) = 3#NUMS#WJ/DEN -2+«DEL I
D(3) = 3*NUM2+*WJ/DEN -3*DEL

D(&4) = 3#*NUMZ2*WJI/DEN -—-4#*DEL

D(3) = 3#*NUM2*WJ/DEN -5+*DEL

D(2) = 3%xNUM2#WI#WD/DEN -S*WD#DEL
D(1) = 1.5*NUM2»WI#WD/DEN -2.5#WD*DEL

B3
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The optimal multiplier A was defined as the value of

A which minimized the sum of squares of the vertical distance

between N(t) and P(t). We can sclve the equat:cn ~esulting by

taking the first derivative of the sum of scusares set equsal

to zero to obtain the optimal value of A:

11 5
=) z (N(t) = P(t)) =0 423
A  t=1
Taking the derivative with respect to A we obrtain:
11
2 * T { [N(t) = P(ty I =+ Dtx: » = 3 [4.5:
t=1
Substituting equations [4.31], [4.4] anca tne values 1n

Table 4.2 1into equation [4.6], we can solve for A.

11
Z D(E)*P(t) +INUMA*K3I+[NUMB#K13I+IN(12)#K4]1-L (NUML/DEN)*KS]

t=1
A =
opt (DENA¥K3] + (DENB#K11 + [ (NUM2/DEN)*K5] - DENC

(4.7]

where for notational simplification:

K1 = D(2)+.3D(1)
K2 = .SN(O)*D(1)
8
K3 = X D(t)
t=3
K4 = D(10)+cD(F)
KS = D(11)+2D(10)+3D(9)

NUMA = WI*[2*N(12)+RI-(3#*NUM1/DEN) ]

NUMB WD*#{ [2WI*N(12) I+l WI*¥RIIJ+RD-L3WI*NUM1/DENI>

DENA 3WJI*NUM2/DEN

DENB WD*[ (3WI*NUM2/DEN) -SDEL]




8
DENC = I (B-t)*DEL*D(t)
t=3

Taking the second derivat.ve with respect to A of equation

£4.3] to see if ocur so:iuzion :s a minimum and making the same

zuostitutions that l=2a -0 =scuztizn [4.&63 we obtain
5= T OTNuS = 3 oz T = ZeIIT - sIMiml =EEiIablowod
PRt t=1 =4 =
&R [4.8]
. 2
~nhers we have detf ined 2 o = STN(tE)

Iy

N

O,
»

-3 37T 2QUAaTIoNSs (=.4] w~e see that

(i

1
in
£

LT 1T we examing tTnhne -

ot

re not Tunctions of A for any

(W)
ot
[{1]

ne tirst derivat.ves.

vaiue of t and theretcr

i
a
3J
i}

second derivatives DE(t) are

always zero. Equation Z+.ci recuces to

()
ot ] -
—

1

A

o

Therefore, since we orevicusly stated that DEL is never equal

To zero, the second Zderiva=ive s aliways greater than zero.

[N

Therefore opur soluzion ~“or ~he optimal multiplier A 1s a
minimum of the least sguares equation.

3. Part 3, Par+tia. ‘sar Mgde.:

The esserc=2 7 N2 sQ.2n.2nsS tC the various cases of
“he partial year mcde. Z=23cr:cec celow 1s the binary variable
2(t) which turns the mcntns prior to t off when calculating

the partial year cases.
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The following variable modifications and additions

will apply to all cases of this variation of the model:

K = starting month k= 1,25,... 12

n
—
im

I

The arnual manvear consumption constraint
FTE.. = The manvears left to consume between
nonth k and the end of the year

K

= FTz = Z I[N(t-1) + N((t) 1/24 [4.1.a]
t=1

“

The birary month switzZn variable 1s

2 oty o= Pl for t > k
< 3 otherwise
DEL = IN(I2)-N(k)]1 7 (1l2-k)
The points on the line connecting beginning and ending

stocks,; N(k) and N(12), are
P(t) = N(k)+ C(t - k)/(12 - k)I*DEL , t=k+1l,...,12
If we substitute Zb(t) * N(t) for N(t) in equation [4.1.a1],
and make the same substitutions we made to arrive at equation
(4.2] we sotain:
NC11l) = “NLEMLI -~ A*NUMZ2) /DEN (4.2.a]
where we now redefine

NLMI = 24 =7z + TND*(NJ*RJ+[ENJ*N(18)]+RD)*£EZk(1)+Zk(2)]} +

{COWT*NT1Z 2 er] 1«

< 'tz}—ill*Zk(1)]*N(O))+(N(12)*[82k(10)+42k(9)—1])

8
NUMZ = 2DEL «( Z B—tJZk(t))+ (SHD*DELEEZk(1)+Zk(E)])
t
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DEN = 2442 (10)+62 (9)+{6*JJ#L 2 (t)I+{3I*WI*WDL[22 (1)+2 (2)1])
k k k k k
t=3
An examination of the equations and grachical

representation in Figure 4.3 reveals that there are three
different cases possible when forecasting stoc«<s z74er ZI
October.

a. Eleven month case (k=1)

We need to forecast stocks for 30 NOV  cthrough
30 SEP wusing 3! October data. This cas2 w~1.. ze an
abbreviated version of the part 1 model anrnd wil. “or2cast

N(2) through N(11).
The optimal multiplier A is calculated as in equation

(4.5] by substituting D(t)*Zl(t) for D(t).

We solve equation [4.2.a]] for N(11) where k=1 and, by
substituting N(11) into the egquations in Table &.2 and
finally modifying the stocks by substituting

N(t) = N(t)*Zl(t)

we obtain the forecast stocks N(t), t= 253,...11.

n

b. Ten month through five month case (k = 2,3,....,7.
We need to forecast stocks fTor the -2marncer 2T

the fiscal year, beginning with any month between Z0 November

and 30 April. This model is also a modification of the part 1

model . The difference is that there is one and only one slope

of the 31 DEC - 31 MAY line segment that allows the FTE

87
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canstraint to be satisfied and therefore there will be only !
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N
e

multiplier (A) possible. See Figure 4.10.

v L .
Y
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32000
T

A
STOCX

31000

T T

SO

N g . N .

Y

Tl 1067 3 v 3t A 31 AR It Y 31 AR b3 -
A MONTH

QS Figure 4.10 : Ten to five month case
T In this case we forecast N(k+1) througn N(1ll) where
T k = 2,3,4,5,6, or 7. Define the following variables:
7 .
( Cl =1 if k < 4, = 4-k otherwise

)‘-. " .

o C2 =2 if k < 4, = S-k otherwise

AR _

W, C3 = 3 if k < 4, = b-k otherwise

o

et Co = ¢ if kK < 4, = 7-k otherwise

Tl CS =5 if k < &4, = 8-k otherwise
P The following are the modified equations to account far the
"i".gf\'

fL.A abbreviation of the forecasting model:

;.:_-.

N N(3) = N(3) - 2(3)#[WD*Y(C)=-RD]

A N(4) = N(3) +C1#A*DEL

SRC N(S) = N(3) +C2#A*DEL

o N(&6) = N(3) +C3#A*DEL

s N(7) = N(3) +Ca»A*DEL

IO N(B) = N(3) +CS*A#DEL
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Pl
£
L
h N(P) = [1-WIIN(8) +RJ
t N(10) = 1/3[EN(T -N( 23
- N(11) = 1/3[NV9 =ZN(12)2
~we Zan substitute the apove =2quations into equation [4.6] and
zoive far =The muitidli:er X .n =Zhe same way ~e solved gquation
=73, The result 1s:
E@FTEk—BN(18)—QRJ—N(O)—E’C£_Z{ t)*S—BNJ}*{N(O)-ZR(B)*iwD*N(O)—RD]})
. - pa
[Zk(q)*ClJ - IZk(S)*tEE - Z:{ 2,#C33 + EZki7)*C4] + [{B-ENJ)*Zk(B)*CSJ
(4.10]
We gan now solva  Ta2r N(t) by using the appropriate
2quations described above . We can eliminate months prior to
- the current month k by modifving the forecasts, using
N(t) % Z (t) in place of N().

c. Four month “hrougr one month case (k= 8,9,10,11)

We neea <2 “2r=2cast 2na cf month stocks beginning

at any periog after 31 MAY, Se

1}

Figure 4.11. We will 1igrore

the FTE constraint in this portion of the model. Relaxing

m

the F constraint maxkes s2nse 2ecause at this late date, our
“grecasts will nave L1.::1.2 impact on policy changes that

would be necessary tc mak2 significant shifts in the growth

patterns. A method to include FTE is discussed in Chapter VI.

B9
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SiQura2 =+,..1l : Four month case

to forecast N(k+1) through N(11)

[l
i
n
0
a

This zase

-, [

DGR S The soluticns are simply applications

()

where k = &,

of the gerera. esguat:on y = mx + b, with

NV9) = N(BYy#[{1/WJ]+ RJ for k = 8
N(10) = EE/Ef;N(Q) + [1/33*N(12) for k = B or 9
N = [1/7337#N(9) + [2/31=*N12) for k = 8 or 9
Nl = . T« 101+~ [L.S#*N(12)] for k = 10

C. EXAMPLES

We previgus.vs described the output of our model for

TZ  zZorstraints in Figures 4.4 through 4.9,

various F

Additionallyv, we can see the effect of changing the
multiplier A from the default value calculated abaove. J

1. Growth example

In Figure 4.12, the default value of the multiplier A
is 1.431. In Figure 4,13, the value of A is lowered to .75.
This causes more rapid growth at the beginning of the year.
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«
° have caused more rapid growth at the end of the year.
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- Figure .12 : Default A Figure 4.!3 : Lower A
B -'_Q
... 2. Shrinkage example

w

In Figure 4.14, the default value of the multiplier A

g is .8. In Figure 4.15 the value of A is raised to 1.5. This
ﬁ causes a more rapid decline at the end of the vyear.
F Similiarlv, a lower value of A would have caused a more rap:d
: deciinme at the beginning of the year.
- We can use the changes obtained by modifying the
o

e multiplier A to 1nclude the effect of anticipated changes 1in
f?; the recruiting =2nvironment, i1.e. *he C53 may want to change
o~ the multiplier A to capitilize on good recruiting months.
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Figure 4.1!4 : Default A
X The algorithm will alwavs provide a Sso.lution at the
-.‘3{ .
Tty beginning of the year when FTE » O. Cleariy, the solution may
o Tl
Shudi violate other constraints such as the upper bound on monthly
recruits and mid-year calculations may not have a feasible
solution to the FTE constraint. The algorithm will provide
- feasible solutions tno historically typical data. Other
RSN .
a atypical situations and possible alterations to the solution
T
20N will be discussed in chapter VI.
e Lastly, it 1s possible that the CG would want to

explore the effect of ignoring the FTE constraint. The most
practical implementation of this decision would be to use the
mocdel as developed and input an FTE constraint that 1s the

average of the beginning anc 2nging stocx. The effect of

this FTe would be to approximate a straight line.
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V. MARKOV_TRANSITION MODEL

We have chosen to consclidate the personnel movements
describaed in Chapter II1I into a modified Markov transition
node. as described bv 3artholomew and Forbes [Ref. 2:pp. B85-
S0, “his nocel ~Nd8S Zhosen oecause it seemed Yo mos*t
closely reflect the type 0of system the CG has and for which
we had complste data. The CG has a hierarchical paygrace
structure and osersaonrel flows Zonsisting solely of accas-—
sions. atzritions and promotions to the next higher paygrade
(Ref. 2:pp. B5-871. However, the following modifications to
the standard Markov tranmsition model are needed:

1. The CG personnel flow rates are non-homogenous (they
differ from month to month).

2. There are constraints on the number of accessions per
month. As described in Chapter IV, December and June
3cz=2ssiars have an upper sound of 200 and 120 respec-
tivelys, and a lower bound of zero. The remaining
months have an upper bound of 720 and a lower bound of
120,

3. Tme numoer of £-8 and E-9’=s i3 l:mizted bv .z2w tc ZwoO
percent and one percent of the tatal force strergth
respectively.

4., The 30 September total force strengths are specified .

5. The rate at which the CG changes is regulated by the
man year consumption constraint (FTE) set by law.
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o These modifications , except the accession limits for all
months other than December and June, have been explicitly
integrated into the forecasts of personne: flows developed

n the preceg.ing w0 Chapters:

d
ra

. The perszornre: flcocw rates discussed in Chapter 111 w~ner=
developed as a furction of the time of year.
" c. The Decembper and June accession constraints wers

imcorpeoratec into the total force projecticons Zeveloped

in CThaptsr V.

I}

.. 3. The E-3 anc -9 stock constraints were incorgoorated
 § into the promotion rates develcoped in Chapter 111
through the use of the PYR variable.

4. The 30 September stock and the FTE constraint are

incorporated in the force projecticns developed in

o Chapter II1I.

PR
ot

.

We have decided not to explicitly 1ncorporate the

accession limits for any months except December and June

S

v Cecause they are not operative when the system i{s within 1ts
Yﬁ historically typical bounds. In Chapter VI we will describe

“w
o a metncd to mcedify the model in circumstances outside of the
b T/P1I3. Zperat.r~g SOUNGS.
f: The Markcv <ransiticn model states that, on the average
=

i’ [(Ref. Z:pp.7-81, the stock for paygrare i at the end of

ﬁ: month t, 1s egual to the number of paygrade 1 personnel

' ‘ th -p. . )= w. (t)] % . (t=1)

. staying during mont t, (1 p1’1+1(t wl(t ] ng 1),

v plus the number promoted to paygrade i1 from paygrade 1-1

. |
N ‘
. F4

il el
»




during the same month, Epi—l,i(t) * ni_l(t—l) 1, plus the
accessions 1into paygrade i during the same month, ri(t).

The nctaticn used 1n the Markov transition medel has been
dJeveloped ana descrited previously. It is repeated here

Srieflv:

Nn. . lti= the stock of paygrage 1 on the last day of month ¢

[

pl i+l(t) = the promotion rate from paygrade 1 to
*

naygrade 1+1

w. {tl = the attriticon rate from paygrade 1 durirg month ¢
ro.oot = zZne ~umber of accessicns to pavgrade 1 curing

month t
Therefore, the Markov transition model results in the
faollcwing =scquations to forecast the stock of paygrade 1 at

the end of month t:

n.(t) = n (t-1)*ll-p, . (t)-w (£)] + n (t-1)%*p. AEY+ r ()
1 3 151+t i i 1-1y1 i
1= 2,3,4,5,6,7-8
and
vt.o=on it-iaeli- (t)=w (t)] +r (%
5! myE Cimpy pitimw fe2d or iy
= [N - + -
nq(t) no t=11%[1 wq(t)J nq(t 1)*p8’9(t) +r9(t)
Flgure 3.1 1s an example of the results of ocur -o--
procgrammea cn a standarag spreadsheet. This 2.37:

with a stock of 29933 and the total strermgt- =
at the end of the fiscal vear. The &7E -~
31000 (the last number in the row

column of numbers labeled I Zzrooe

o

). The proToh

vector N
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N
Lt recruitment vector and the total stocks were calculated as
a
« described in Chapters III and 1IV. Each subsequent month’s
f\i column is the forecast stocks, ni(t), as of the last day of
K%
e the month.
:$f
\ PROJECTED  RESULT FOR FISCAL YEAR 19727
-
A
; W T T T T T T T TR TS e T T
N 10T OG0T MWOY DEC JAN FER O MAR APR MAY  CUN JUL AU egp
AN pay - --=- ——- ----
oy GRADE
N E-3 3¢ W2 208 NI T 309 UL N3 O3S 3T S s 33
s £-3 6 PR OS13 0 S13 sl 19 325 T2 33 S0 S 531 3
o £-7 27% 2752 3755 2755 E732 2940 2820 2333 2859 285° 2Re2 2665 2390
':} Z-z Iel0 3614 452 G454 40 3T30 S9O9 ZIST Se3b Sewd 57Es £72¢ £Tud
;f': E-3  S433 Z4s5 5420 3430 ST17 8727 CeB6 Se3T 5592 Shue SBei SB7L Sh3!
€-a 7515 7543 7611 TATL 7476 7501 TSRl 742 7SEL TIT9 7448 7430 a7
E-3  42B6 4153 4020 3911 3697 3449 3593 35S0 3SeS 3cid 3907 3801 34Ts
E-2 2392 2736 2931 3278 3447 3271 3400 34515 3783 3927 3IB4E 3558 373
£-1 33 1351 1495 1140 1192 1591 1498 1704 1738 1331 1359 1819 1818

TOTAL 29953 20232 30311 30659 30683 30897 31111 31325 31539 31295 31455 31615 31778
-7 F1E 2307, 2330. 2540, 2548, 2565, 2583. 2501, 2519, 2618. 2614, 2527, 264!,

. LuM 2507, 5038. 7579, 10127 12693 15277 17878 20498 23114 25730 28358 31000
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Figure S.1: Sample Spreadsheet Results
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Figure 5.2 is another example where total strength begins

+

bl

with 29953 and then shrinks to 29000 at the end of the fiscal
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year. The FTE constraint used was 29500. 1
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" vi. MODEL IMPLEMENTATION
N A. IMPLEMENTATION
e,
:n;. The estimations described in Chapter III, the forecasts
xf' developed in Chapter IV, and the modified Markov model
f{f. descr ibed in Chapter V were merged into a comprehensive
<
K " Al . . .
Military Employment Capability Plan MECP) model and
-;f- programmed on a computer spreadsheet. This programming
ekl
*}5 environment was chosen because it is widely used and accepted
T
- in the Coast Guard. Additionally, it has the advantage of
‘:5: allowing direct modification of most of the model parameters
St and the spreadsheet formulas directly parallel the equations
; developed 1in the previous three chapters, allowing easy
:}g: maintainability of the model.
[\ Q.:-.
u&ﬂ The MECP model is deterministic and hinges on the point
) f-.:
estimates of the attrition rates, promotion rates and
o
ﬁg: expected recruits developed in Chapter III. Various
,f&i assumptions about the model constraints have been discussed
e,
1 (\ 8
- in the previous three chapters. Programming in a
‘,.\_:.
T spreadsheet allows a user to explicitly change constraints
{ﬁ: and previously calculated values. This provides an easy
Yy
. method to analyze the effect on accession needs and force
#ZQ structure of the uncertainty inherent in the value of point
MRS
DAL
h - estimates and our assumptions. In short, the decision maker
{;. can utilize the model to explore the effect of several
o
AN
NN combinations of "what if" situations. The purpose of
.,. '.-
o~ >
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this chapter is to describe the major effects of changing
some of the key estimates, constraints, and variables on the
accession and force structure forecasts. The remaining
discussion in this chapter will focus on modifications to the
model in 1ignt of the spreadsheet implementation. Apoendix D
contains sgecif:c directions for wuse of the METP model and

also describes the detailed entries needed to sbtain the

basic results of the model.

B. REASONS TO CHANGE THE MODEL PARAMETERS
There ar=2 Your major reasons that temporary <Znanges %o
the model parameters may be considered.

1. External Policy Charges

The legislated constraints (end of year strengtﬁ and
FTE) may change during thé year as programs are added or
deleted from the CG’s missions. Other legislation might
indirectly influenée the model parameters, for example, a
mandat2d say ~2aise without addiftional payroll funging mnight
influence the rate of growth during the year.

2. Internal Policy Changes

"me -5 perigdica.ly changes 1internat Jol.c.es wich
regarc o] rengzh af  2nlistments and contract =xzensions.
retirement policies, promotiaon policies and the shape of the
force pyramid. The exact effect of some of these changes is
frequently unknown due to a lack of historical data. The
decision maker may, however, want to examine the effect on
the force structure and accession needs resulting from a
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particular policy change, for example, an anticipated ten
percent increase in attritions.
3. Irfeasibilities

Infeasibilities can be observed in two ways 1in the
MECP maoagel. First, negative recruits and negative stocks in
paygrades £-1 and higher are possible when a large shrinkage
is called for, indicating that the change called for requires
a change in the promotion and/or attrition parameters.
Secondlys when "ERR" appears in one or more z=2lls, :his
lndicates.that a mathematical solution is impossible. This
zondition may occur in a full year model if the FTE is less
“than /24 of the sum of N(O) and N(12); and in a partial year
model if the FTE consumed to date exceeds the FTE constraint
or if the multiplier A specified is other than the
calculated value.

4. Adverse Results

The model produces good results when the change
during a year does not exceed three percent. Ahen the
charnges approach ten percent, major changes in the attrition
rates and/or promotion rates should probably be made. The
need for changes willl be obvious when the stocks in 3
particular paygrade (especially E-4) are examiﬁed. There will
usually be a clear upward or downward trend in stocks that
will be unsatisfactory in the context of the rest of the
model . The major parameters used to modify the results are

promotion rates, the billet pyramid and the FTE constraint.
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;b- €. MAJOR PARAMETERS AFFECTING THE MECP MODEL
oy 1. Attrition Rates.

]

o

}j Increased attrition rates may be needed to cope with

a decrease in force size greater than five percent. Figure

b.1.a is an example where the total force strength declinres

-&i from 29953 to 25000 (!5.3 percent). The negative numbers In
.

the recruit row indicate an infeasibility (accessions cannct

‘{{ be negative). The negative E-1 stocks are a direct result of

the negative accessians. To correct this problem, we recall

’.’ from Chapter 111 that accgssions are calculated as:
R(t) = N(t) - i {1 - W, (t-1)]%n. (£t-1)
i=1 i i

2 and consequently a negative R(t) can be corrected by
o ’ increasing a combination of the attrition rates , wi(t).
LEE Figure &.1.b is the same scenario as Figure 6.1.a,
Lo
:":: except the E-S through E-9 attrition rates have been
;:& increased 15 percent, the E-1 through E-4 attrition rates
ﬁ? have been 1ncreased 25 percent and the promotion rate to E-<
%% has been decreased 30 percent. The modified attritions rates
};~ accommodate the large shrinkage called for, without the need
z; for negat:ve aczessions.

ﬁi The CG may increase attrition by implementing inter-
tf? nal policies such as allowing discharges prior to the normal
;ﬁ? expiration of enlistment, or for below average performers.
:ii The MECP model may give an idea of how much the attrition
_%f needs to increase to achieve the desired end strength.
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j‘.ll
G
."::__
n’\-'
NN
N
"‘-l.
PAY 1 OCT OCT NOV DEC JAN FEB NAR APR MAY JUN UL AUG SEP
S BRADE  =mmeemmmee- T
":-:: E-3 300 295 381 288 285 281 277 278 287 263 25 254 250
- -8 SO0 497 491 486 482 477 472 46T 463 4S5t 446 437 48
.",~‘ E-7 2756 2752 2747 2743 2740 2735 2728 2719 2712 2704 2495 2483 2473
.”) E-5  Ze10 5378 S35 3330 5305 5280 SPcS4 9229 S202 517 Sia) 5106 SU73
Ol E-5 4353 5403 S37T S3¢T ©36T 9323 5274 5220 SI70 S12% 5087 S00& 4947
‘::._ E-¢ TSIS TS03 TS24 7STE 7947 TSed T34l 7534 T30 7517 7480 7425 TGS
-.‘:-: T-3 #d3s <1TT 4110 40BI 4027 3934 3832 3723 220 3T04 2432 2290 2146
::~:: E-2 2592 2721 3003 2848 2553 2311 2048 1843 1695 1528 1288 1177 (592
HHE E-1 333 783 156 a9 33 81 75 ¥ -3 40 64 58 4
ey TOTAL 29953 29510 2908 28214 28370 27939 27502 27065 25628 24209 25872 25436 254l
~
:::.‘-l_ ot 2477, Z4ed.T 3411, 2382. 230, 2300, G273, 2237, 2205, 2Te. A, i1,
>
R
< CuM F7E 3477, 4213,4 7330, 9713, 12059 14369 14443 18880 21086 22250 25393 27IoN
[
‘Cff; RECAT 4 -6 0 50 8 b -2 -3 0 15 B/ -
T
-r_“j CUM RECRT 144 80 80 30 38 44 32 -5 -5 19 38 12
ol
'\" Figure 6.1.a : Sample Infeasible Results
- PAY {367 0CT NOV DEC  JAN  FEB  MAR APR  MAY JUN JUL AUG  SEP
BRADE s e e -
Z £-3 300 299 291 288 285 281 274 271 2kb 253 259 2%4 IS
’P . £-8 SUs 495 488 482 478 473 468 463 45 449 439 4285 4%
Aty -7 2TSEO27SL 2Tsae 2741 2738 2732 2724 2714 2706 2537 2687 2473 Isec
\ Z-5  Ietd EZTO 5381 3317 5290 850 5230 9201 5171 5138 S100 SOel S03
vy £~% 3453 5402  S363 5331 9387 S35 5259 5197 S139 5087 5022 49%3 453S
":":- £~ TSIS 7468 7474 7497 7421 73BB 7348 7310 7276 7232 7160 7089 499
- E-3 4285 4130 403%T 3985 2904 3792 3e69 3554 3439 33228 3254 3114 2982
" £-2 2392 2493 2939 2317 2eeb 2372 2165 2047 19%¢ 1B3B 1832 1473 14e?
‘o - ECEREN O STL 254 e 2SO 33 AR 227 28 th -te 22
| .,- TITAL ZERIZ 2RTiT 1i0gc 28B4 28374 27933 27902 27058 25528 25307 IS8TQ %2 2%nan
o
o FTz 2677, 2ew,7 2aii, 2382, 2344, 2310, 2273, 2237, 2205, 2174, 2137, 2i0t,
B d
}_I::-L' CuM FTE 2477, 4918.% 7330, 3713, 12059 14369 15543 18880 21086 23260 25332 27500
"--“-'{ RECHT ' 3 , : ) 3% 1f
o RECHT 2t3 13 0 48 123 128 07 77 0 134 159 33
f\ -‘._1
NS
gum ReCRT 269 287 287 335 458 3B 693 770 770 994 {054 ({47
S
"',’ Figure &6.1.b: Sample Corrected Results
o
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Personnel policies implemented for other reasons may
also increase the attrition rate. Examples of these type of
policies include changes in the 1length of contract
extensions, the 1length of enlistments, mandatory retirement
policies, changes in recruit training policies and changes in
recruit quality. The MECP model can be used to perform a
sensitivity analysis with respect to a particular policy.
For example, the CG may be able to determine that a change in
contract extensions would only affect the attrition of E-4
through E-6 personnel. The MECP model allows the user to
examine the impact of changes in attrition rates in those
paygrades on the entire force structure.

Unlike the above discussion of increased attrition
rates, the possibility of decreased attrition rates is
unpredictable. Changes 1in policy such as the Selective
Reenlistment Bonus program, the quality of recruits accepted
and guality of 1ife programs seek to decrease attrition
rates. However, as discussed in Chapter I1I1, it is dif-
ficult to quantify the human decision making process toc leave
the service. The MECP model can also be used to explore the
possibie 2ffects of these kind of policy changes.

2. Promotions
Changes to the promotion rates will affect both tne

forecast force structure and the accession needs.
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;3; a. Paygrades E-S through E-9

(" The MECP model utilizes the PYR. and PCT (t)

'2;3 parameters to estimate the E-5 through E-9 promotion rates.
E% These parameters relate to CG personnel policy and can be
‘2?_ changed to directly reflect a changing force structure. The
;3? spreadsheet model allows explicit changes to these variables.
E%S b. Paygrade E-4

. Promotions to paygrade E-4 are a direct reflec-
f}ij ~tion of the CG A-school (formal training required to advance

to E-4) policy. The estimates used by the model are a four
year average and we have determined that this provides the
best available estimate. However, it is clear that much more

. accurate results can be obtained by using the results of the

S—

A-school model as input to the MECP model’s E-4 promotion

2 e 8 WP N -

S0
'\-’\
.~$\ rates. Conversely, by varying the E-4 promotion rates in the
N
h ‘-""\'
fﬂ MECP model, we can forecast the number of A-school graduates

that will be needed tao obtain any desired level of E-4s in

% UX

~-}
'
2 any month.

e
\ :.",'4

‘o c. Paygrade E-1 through E-3
‘:?f Promotions to paygrade E-3 are estimated from a
P
SN “pour year average of promotions. In Chapter II, we discussed
L
'ﬁ*ﬁ the fact that this historic data was missing and we were
n}? obliged to compute the '"data"” wusing the balance of flow
.?gf
9§2; equation. It 1s recommended that as more data becomes
o

"?} available, these promotion rates be updated using standard
e estimation techniques. It appears that the best
N
A
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353 interpretation of the results, with the estimates we have, is
T 0y o
to view the stocks 1in paygrades E-1 through E-3 aggregated
[n, < o
L
:ﬁ} into one category. This is how the CG currently views these
n‘ -\'
.:ﬂf paygrades. The MECP model, however, is set up to provide a
[ A
;)_ paygrade breakdown for the time when more accurate data
N
o~ becomes available.
X
;Q: 3. Growth Pattern
ol _—
s In Chapter IV we described our assumptions of near
S
1$& linear change between the beginning of year force strength
"N
AN and the end of year force strength. The CG may want to
®!
change this assumption for many reasons.
_f a. Payroll costs would be minimized by encouraging growth
-~
.;, to occur at the end of the year or shrinkage to occur
{
NN at the beginning of the year. This situation might
Eﬁ} occur if the CG was required to give a mandatory pay
oS
. .
WAL raise to its personmnel, but was not provided the funds
<Sﬁ$ to do so.
:?d b. The CG normally has a long range schedule of unit
.
A0
i? commissionings and decommissioningss major facility
03: changes and personnel needs. It may be desirable for
-:i the growth pattern to approximate the anticipated
AT
e personnel needs.
‘vf c Historically typical FTEs 1lie in a range near the
_*.:_
1;% average of N(0) and N(12). The relative size of that
[\ _‘._
xﬁi range depends on the difference between N(0O) and N(12).
c& When the difference is small, the FTE range can include
o
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N(O) and N(12). A large difference, however, typically

results in a FTE range close to the average. A FTE
constraint which is outside the typical range might
result in month to month changes in force strength that
wonlz2 bhe urnacceptable.

d. The recruiting needs forecast by the MECP model may be
unattalinable by the recruiters or they may excsed the
capacity of the recruit training center.

Any of these situations can be dealt with by changing
the FTE constraint and/or the multiplier A. The model is
extremely sensitive to FTE. Ma jor changes 1in this
constraint, especially outside the previously described
typical range, will cause large fluctuations in the monthly
stocks. Since the FTE constraint and multiplier A are highly
correlated, it will be necessary to experiment with various
combinations to obtain the desired results. Figure 6.2 is an
example of the growth patterns resulting from making several
cthanges to the FTE or multiplier A. In Figure 6.2.a, we see
the default solution for a beginning strength of 29953,an
ending strength of 31775, an FTE of 30740 and model’s default
multiplier A egual *to 1.33S5. In Figure 6.2.b we see the
solution resulting from increasing the FTE to 31550.

In Figure 6.2.c we see the solution resulting from
decreasing the FTE to 30250. In Figure 6&6.2.d. we see the
solution resulting form increasing the multiplier A to 1.9.

In Figure 6.2.e we see the solution resulting from decreasing
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TABLE &.1: RECRUIT FORECASTS

Original FTE=31530 FTE=30259 A=1.9 A =1.0
acT &96 1195 394 - 392 773
NOV 499 998 196 395 376
DEC 200 200 200 200 200
JAN 619 631 613 701 557
FEB 729 773 698 8O4 &73
MAR 707 744 681 7567 661
APR 706 736 683 770 657
MAY 701 733 &80 769 549
JUN 100 100 100 100 100
JuL 345 =1={= 1040 786 891
AUG 928 597 1129 870 97e
SEP 793 378 289 745 835
0T 7323 7809 7408 7439 7344

the multiplier A to 1.0. The impact of each of these cases
on recruit forecastss, as taken from the recruit forecast line
of the spreadsheet ocutput, 1s summarized in Table 4.1!.

Dccasionally, the CGB may wish to ignore the FTE
constraint altogether. An FTE equal to the average of the
beginning and ending stock will result in a growth pattern
that is as close to linear as possible. Alternatively, the
results of Chapter IV can be igrnored all together.

In Chapter IV, we assumed that we would ignore the
FTE constraint in the partial year case, after 1 June. QOur
srevious assumptions state that once the 31 MAY stock 1s
known, the 30 June stock, N(9), can be estiﬁated directly
because the attrition rate and recruit numbers are fixed. It
is possible to meet the FTE constraint exactly in a partial

year model where k = 8 or 9 and by specifying any combination

of N(10) and N(11) which satisfies the equation:
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VII. SUMMARY AND CONCLUSIONS

A. SUMMARY

In this thesis, the problem of forecasting the enlisted
CG monthly accession needs and force structure is solved by
using a modiflied Markov transition model to 1integrate
estimations of the  pertinent personnel flows into a
comprehensive MECP model.

The monthly attrition rates for each paygrade are
estimated with an econometric regression model., The
promotion rates to paygrades E-5 through E-9 are estimated
through the use of a model which approximates the CG
promotion process. Promotions to paygrades E-2 through E-4
are estimated from historic data. The monthly stocks are
systematically calculated to meet a man year consumption
constraint. Accessions are calculated from the balance of
flow equation.

The model is implemented on a spreadsheet and allows the
decision maker to examine the possible effects of variocus

policy changes on the model results.

B. VALIDATION OF THE MODEL
The availability of complete data for the first eight
months of FY87 (1 (OCT - 31 MAY) allowed us to assess the

reliability of the MECP model over a short period of time. A

statistical comparison is inappropriate because the actual




wowowY > - o - 4 T T W W o W N U U e v www

\'.\l

.‘ \O

23 .

L 9

!

,\_.:'-

-u:,!.

fhﬁ data reflects numerous changes to policy and goals. We will
W, attempt to show that the MECP model forecast for FYB7
i}j favorably compares with the actual data.

-;, \'-.

¢}ﬂ 1. MECP Model Forecast

A

N The 1987 forecast began with 1 October stocks ( see
\r"\.

‘ﬂE Figure 7.1) and economic data available on 1 GOctober. The
"y

Y

M ma jor parameters are:

e a. Starting stock = 29953

kﬁf b. Ending stock target = 31775

b c. FTE constraint = 30740

L]

‘SN The attrition rates were calculated from forecast economic
vfi data that was available prior to 1 OCT B6.
i - The model results initially showed a significant
_&i decline in E-4 stocks. As previously discussed 1in Chapter
f‘-\” : .

2§j VI, in a situation of significant growth (5.9 percent in this
,-".‘-:

1

case) we expect to have to adjust same of the model

O%

%]

2; parameters. We increased the E-4 promotion rate from .04133
1 g
.- .
ﬁﬂ to .05. Figure 7.1 is the resulting forecast for FYB7 based
O‘.J
AN
hia " on data available prior to 1 OCT Bé6. The actual stocks and
e, >
5 recruits for 1 OCT 86 through 31 MAY 87 are listed in Figure
L~
-::;-: 7.2,
s 2 Comparison of Forecast Results and Actual Stocks.
d o We can assess the reliability of our forecast by
N »
,*éa comparing plots of the forecasts anmd the actual values over
. .& .
' time.
e
-y
:f’:::‘
o 111
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‘-:?_3‘; LOCT OCT  NOV DEC AN FEB MAR APR MAY JUN JUL AUS  SEP
_-: E-3 300 230! 302 302 304 306 308 MO 32 30 312 315 38
o E-3 S0s 493 495 4% 498 501 505 508 S12 508 512 517 sa
‘“_) E-7 2756 2750 2732 @272t 2720 273% 27%2 2771 2790 277% 2798 2817 284)
S E-a 3410 5376 535! 5330 3292 3251 5287 5323 5359 5329 5242 Sall 3438
:.t.: E-5 2455 o093 3375 5347 3742 5677 9522 G409 Stes 3404 S537 G499 Stus
L3 I-+ 7315 7587 7642 7741 7330 7384 7835 Tael 7507 7359 7650 7398 7519
-;-.t{ I-3 4286 237 4219 4243 4130 4150 4149 4176 4283 4236 +:37 4187 4163
) E-2 2992 260l 2893 3147 3231 3018 3185 3427 36lée 3733 3IB4! 3277 344l

E-1 B33 1288 1180 BO7 914 1350 1437 1426 1433 1036 1203 1885 1875

:‘:,:\ TOT 29953 30072 30191, 30151 30361 30571 30780 30990 31200 20960 31232 31303 31775
-::_: FTe 2Sul. 2810.9 2514, 2321, 2938, 25%e. 2873, 2591, 2390. 2391, 2613. 243s.
tor sk

X CUM FTE 2361, 5012.0 7325, 10047 12586 15142 17715 20307 22898 25489 28103 30740
- - RECRUITS  ¢96 498 200 617 729 704 703 697 100 831 911 769
L CUM RECRTS 69 1194 139 2011 2760 3644 6147 4864 4944 5775 6686 7455
{ Figure 7.1 MECP FYB7 Forecast

'."-:._

T LOCT OCT NOV DEC JAN FEB MAR AFR  MAY

S £-9 300 303 304 305 306 307 308 309 309
o) E-8 506 504 503 498 503 505 505 507 499

o £-7 2756 2738 2729 2739 2797 2807 2810 2822 2788

YN £-5 410 5462 5432 S435 S51B 5367 SS4w SSiL 5473
::-\ £-5 5455 35380 5326 35743 Séé4 5508 5491 5429 5320
‘\-j*- E-4 7515 7501 7491 7197 7058 6986 4992 7037 713
Tl E-3 4286 4338 4478 4331 4591 4712 4716 4B78 4899
axqad £-2 2892 3008 3274 3481 3496 3448 3408 3b80 3984

:; -1 833 949 780 452 636 830 687 703 501

o

M,
ﬁ:.x T 29952 30163 30317 30251 30365 30670 30661 30878 20806
CASH

2o s Fit 2505 2520 2324 2534 2582 2335 2Z6% 2270

.::Zl: Cum FTE 2505 5625 7549 10083 13635 151990 17754 20324

-

e RECRUITS 570 482 204 405 518 44s 372

-,

Ty

s CUM RECRUITS 570 1052 1256 1862 2380 13026 3398
0

, .
,:.r_ Figure 7.2: FYB7 Stocks
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“ a. Attrition Rates
_; The attrition rate forecasts drive most of the
’éfz other model forecasts and are considered first. In Figure
E{; 7.3, we see a good forecast of attrition rates for paygrades
,:3, E-4 through E-&. The results for paygrades E-8 and E-9 are
:Ei mixed, however, it should be noted that the largest
~
e;? discrepancy for E9 attritions (OCT 86) translates to an error
e of four people; likewise, the largest discrepancy for EB
Egi attritions (FEB B7) translates to an error of two people.
?i In paygrade E-7, the estimates are consistently low. However,
i due to the low attrition rates, underestimation averages less
than six people each month ( out of a stock of about 2800).
- The trends for the paygrades E-1 through E-3 look good but
s;i paygrades E-2 and E-3 are overestimated, while paygrade E-1
‘?ie is underestimated. In Figqure 7.4, the aggregate attrition
o
és} rate is consistently underestimated, probably due to the
P~ influence of the E-1 paygrade. We suspect that the E-2 and
ﬁEf E-3 attrition rates are overestimated due toc the method of
Jé‘ "computing” the data discussed in Chapter I1. We suspect
{I that the E-1 attritions are underestimated due to the
;3; adjustment made to account for a recruit training policy
ub; change discussed in Chapter I1I. The problems noted might
: 3 suggest a need to at least temporarily adjust the model’s
:i% attrition rates if there 1is evidence to suggest that the
?g trends noted are consistent with future expectations. Such
?; results are not unusual in econometric regression models and
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Figure 7.4: Total attrition Rates

emphasize the need to routinély reevaluate the underlying

.regression model used to forecast the attrition rates.

b. Promotion rates
The MECP model’s estimated promotion rates for
paygrades E-S5 thraugh E-9 are compared to the actual
promotion rates iﬁ Figure 7.5 (actual data for promotees to
paygrades E-2 through E-4 was not available). We see that

the most accurate estimate 1is that of the promotion rate to

paygrade E-S. The promotion rates to paygrades E-8 and E-9

are fair estimates except that for some months the forecasts

are somewhat high and for others they are somewhat

low. The

estimates for most of this period seem to be too low for

paygrades E-46 and E-7. The wunderestimation of paygrade E-7

is directly due to the previously mentioned underestimation

of the E-7 attrition rates. The underestimation of paygrade
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E~-6 is not easily explained, however, looking ahead to Figure
7.7 (stocks) we can see a large spike in E-6 stocks,
intticating the possibility of an isolated policy change. A
careful examination of the data indicates that the 1 0OCT, E-6
sSt0Ccx w~as larger than the historic percentage of total ferrce
strength (PYR parameter). The model shut off promotions

untilil the correct pyramid structure was restored. This is

normaliv how the CG operates. For some reason this policy
i3sMng b= ~ave Jeen temperarily changed, nowever we are
£TIz.Tagzel LT That as the year progresses, the actual and
or=2zast st2cks seem to be converging.

c. Recrults
Figure 7.6 indicates that the forecast accessions
reflecteg the actual accessions reasonably well. The CG
reduced the target end strength from 31775 to 31375 in JAN B7
and since the forecasts were based only on information
asai.able prior to 1 OCT 8¢, we would expect the accession
estimates for the months after 31 JAN 87 to be somewhat
high, as reflected in Figure 7.6.
4. Stocks
The comparison of stocks seen in Figure 7.7
indicartes reasonably good forecasts for paygrades E-7
through E-9 and E-S. The significant difference in paygrade

E-5 suggests a change in the billet structure that 1s not
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Figure 7.6: Accessions

reflected in the MECP mbdel. The sharp decline in E-4 stocks
that 1s also not reflected by the forecasts is due to the E-4
promotion ad,ustment, previously mentioned, made to account
for the significant growth anticipated in this scenario. In
reality, such an adj ustment was not made until later 1in the
year as seen by the upturn in actual stocks after MAR 87.

This 15 a good example of how the MECP model can provide
input toc  the A4séhool model. The increase in the E-4
promotion rate from .04l to .05 suggests that in order to
maintain tre E-4 stocks in the growth scenarioc we are
examining, 1t would be rew2cessary for the CG to increase the
number cf A-school graduates. In summary,s; the total stock

comparison 1n Figure 7.8 is as favorable as can be expected.

C. CONCLUSIDONS AND RECOMMENDATIONS

We conclude that the MECP forecasts seem to reliably
reflect the actual data for the eight month period examined.
The important discrepancies are explained in terms of
parameters included in the' MECP model which would have been
ad justed in the regular use of the model.
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f&; The continued collection of pertinent personnel data,
( - especially as data becomes available during more turbulent
o economic environments, could provide more accurate estimates
k.. of the personnel flows, especia.ly, attrition rates and
o
;) promotion rates tq payqgrades E-2 through E-4. Additiconally,
-,
P the model might be modified in the future to allow for the
.
:f;: optional specification of fixed recruit levels.
f]
g The MECP model seems to provide satisfactory forecasts of
./-'_':'
e monthly accession needs and force structure. Additionally,
.':jr
R it has the potential to provide valuable input into other CG
g personnel models such as the A-school and SRB madels. The
}ij MECP model 1s easily modified to reflect changing personnel
Et{ policies and economic conditions in its forecasts, providing

hat the decision maker with the opportunity to explore the

possible effects of a variety of different situations.
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APPENDIX A

DATA UTILIZED IN THIS STUDY

o
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Data is modified as described in Chapter II.
ACCESSIONS
Source: Office of Military Recruiting (PMR)

Month E-6 E-S E-& £E-3 E-2 E-1 Total Quota
OCT 80 % 14 9 4 17 S42 600 600
NOV 80 b 8 4 6 21 S01 551 550
DEC 80 1 23 19 23 &6 97 179 131
JAN 81 2 13 10 S 30 678 748 750
FEB 81 9 21 12 11 25 S74 652 650
MAR 81 i 9 3 4 19 381 427 425
APR 81 b6 22 8 3 18 317 374 3795
MAY 81 4 18 3 8 22 314 374 375
JUN 81 &4 7 3 4 7 227 252 250
JuL 81 2 8 1 7 10 225 253 250
AUG 81 7 14 2 2 ) 237 268 267
SEP 81 0 19 7 8 15 391 450 450
OCT 81 0 19 Q 6 18 388 450 450
NOV 8i 7 33 9 6 20 376 431 450
DEC 81 5 18 S 14 18 100 160 150
JAN B2 2 7 3 9 S 424 450 430
FEB 82 2 1 1 1 =] 441 4351 450
MAR B2 0 o] 0 o] 1 430 451 450
APR 82 0 0 0 0 0 419 419 420
MAY 82 0 0 0 0 0 361 361 360
JUN 82 0 0] 0] 0] o] 220 220 220
JuL 82 0 S 2 7 0 360 374 356
AUG 82 3 3 2 4 S 345 367 356
SEP 82 0 S 3 12 10 332 362 354
OCcT 82 2 &6 1 8 30 423 472 465
NOV 82 1 0 2 16 28 421 468 465
DEC 82 0 3 1 35 295 313 377 280
JAN 83 3 S 0 34 53 489 S84 573
FEB 83 4 15 1 24 S7 366 467 436
MAR 83 S 3 4 33 73 413 531 465
APR 83 2 6 2 24 85 432 571 S21
MAY 83 3 4 1 31 82 S48 669 611
JUN 83 2 4 2 14 59 102 183 101
JuL 83 e 14 S 15 bb6 483 5835 S10
AUG 83 3 9 3 11 79 697 goe 740
SEP 83 4 14 0 13 67 S31 629 380
OCT 83 1 b o] 19 63 487 576 597

o .I':
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e Manth E=6 E-S E-4 E-3 E-2 E-! Total Quota
o NOv 83 2 4 0 12 63 359 440 476
. DEC 83 3 8 2 14 45 130 202 22s
L JAN 8¢ 1 6 0 2 51 360 420 423
b FEB 84 3 4 2 11 48 23e 300 300
- MAR 84 2 11 2 10 62 287 374 377
\ APR B4 4 9 1 13 53 351 431 450
e MAY 84 3 12 1 16 48 297 377 385
[ JUN 84 2 7 & 7 36 21 79 12
- JuL 84 1 7 6 S 21 332 372 379
e AUG 84 1 S 4 3 8 183 204 208
" SEP 84 3 4 1 3 10 140 161 165
OCT 84 3 4 11 13 45 391 467 470
3 NOV B4 3 8 16 15 S8 367 467 470
s DEC 84 4 16 11 1S5 36 222 304 290
- JAN B85S 3 3 2s 13 79 417 S45 576
e FEB 85 4 1: 16 24 58 315 428 485
o ‘MAR 85 3 25 7 11 68 261 375 485
) APR B85 4 19 17 14 52 26l 367 483
S MAY 85 2 20 23 17 61 237 360 345
: JUN 85 0 3 4 1 0 17 25 0
<N JuL 85 3 18 17 11 42 345 436 400
B AUG 85 2 6 15 11 41 360 435 388
o SEP 85 2 9 6 12 51 388 468 362
! OCT 85 1 16 16 11 S4 382 480 485
o NOvV 85 3 5 4 6 38 2ae 278 308
o DEC 85 0 0 o) 0 2 51 53 70
e JAN 86 0 0 0 9 7 212 228 225
YRS FEB 86 0 0 0 25 45 270 340 380
b MAR 86 0 0 0 11 S0 281 342 418
' APR 86 0 o 0 9 63 258 330 458
L MAY 86 o] O o 14 51 265 330 466
AW . JUN 86 o) O 0 10 7 87 104 o)
P JUL 86 o) 0 0 26 78 425 529 570
i AUG 86 0 0 0 7 8 126 1641 206
A SEP B6 0 2 0 20 67 527 blé S&4
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X
e STOCKS
- Source: COMMSTAT Report
) g zo =_z -3 g-7 E-6 E-5 E-4 E-3 E-2 E-!
o OCT ez 31S 74 2630 S0il4 5086 8123 4410 4«ill 746
wl NOV 32 207 w442 2596 4999 5038 8143 4509 «iil 822
N DEC 82 305 470 2618 4984 S020 8095 4397 4ll7 765
D) JAN B3 307 463 2618 4975 4983 B8l26 4701 4299 667
- FE3 83 301 4e2 2601 4975 4941 8132 4B6B 4295 V67
o MAR 23 319 491 2653 S105 S234 7470 4B90 &SES Vo4
O APR 83 324 %2 2640 S101 S@s2 7393 5097 4375 872
T~ MAY 33 328 492 2645 Sia44 5281 7265 5219 &S0 567
L JUN 83 324 488 2643 5167 S192 7260 5332 4340 891
JuL 83 319 485 2644 5165 Slas 7247 5438 4721 717
TS AUG &3 217 491 2700 S234 S294 6952 5473 4865 727
A 3P 33 317 4BE2 2670 S204 5259 6759 5595 4735 1032
2 3CT 33 315 503 2647 S159 S214 6701 5699 <S004 1131
%j NOYV 33 213 SO03 2633 S149 5173 6793 S580 <Sie7 10i2
e DEC 83 313 S05 2668 S130 5117 7003 5479 5348 826
[ AN 84 314 507 2663 S162 S087 7261 5389 5378 634
7 FEB 84 319 509 2689 S231 5354 6966 5368 5313 596
R MAR B84 318 511 2691 S$S190 5317 6959 5302 35119 646
s APR 84 324 S03 2684 5200 5283 7136 5520 4952 638
N MAY B84 329 505 2695 S208 5240 7174 5632 4819 637
R JUN 84 327 S09 2707 S213 5163 7307 5812 4374  7e8
( ' JuL 84 327 510 2709 S195 S111 7534 5740 4416 434
o AUG 84 326 Sl14 2743 5295 5440 7234 5568 4330 447
o SEP B84 325 519 2742 5297 5357 7170 5515 4037 526
s OCT B84 314 S09 2723 S267 S2849 7286 5518 3937 346
W NOV 84 313 S13 2724 S263 5193 7313 5619 3710 524
e DEC 84 316 S1S 2717 S250 5104 7399 53599 3600 636
Q JAN 85 315 516 2712 S245 S096 7556 5598 3700 513
o FEB 8S 316 Sl& 2719 5392 S482 7112 5434 3736 606
Tl MAR 3% 317 S80 2736 S$S353 S483 7176 5411 3689 734
o APR 85 312 S22 2726 5351 5475 7393 5873 3723 374
e MAY 85 317 524 2719 S344 5455 7475 35272 3696 493
ol JUN 85 312 521 2731 S342 5404 7740 5120 3676 42l
e JuL 85 313 Sio 2724 S340 S303 7831 5037 3548 276
e ALG 8S 316 513 2751 Sea4  Seas6 7772 4676 324S5 466
R SEP 3% 2¢9 508 2750 S$399 5660 7820 466% 3332 617
o 3cT 35 209 509 2754 S$5369 S5S590 7884 4642 3310 720
oo NCV 35 208 S12 2786 S359 S530 7988 4602 3317 762
- DEC 8S 311 511 2758 S363 S488 8156 4516 3362  Sll
.t JAN 86 305 506 2753 S344 S468 8258 4484 3390 294
N FEB 86 307 S04 2749 S395 S596 B0&6 4407 3296 287
NOX MAR 86 303 509 2761 S392 5596 7994 4415 3138 464
:ﬁ{ APR B6 300 S12 2752 5391 S570 8036 4383 3039 3519
T MAY B6 298 S12 2727 S389 S5527 8022 4418 2995  S13
i JUN 84 311 S25 2775 S357 S421 8007 4359 3017 488
7, JuL 86 301 Si14 2755 Su424 Séus 7742 4052 2963 31l
g AUG 86 301 S11 2733 S440 5577 7594 4132 8892 530
o SEP 86 306 511 2755 S446 5509 7513 4204 2792 702
.
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Month

ocT
NslV
DEC
JAN
FEB
MAR
APR
MAY
JUN
JuL
AUG
SES
ocT
NOY
DEC
JAN
FEB
MAR
APR
MAY
JUN
JuL
AUG
SEP
oCcT
NOV
DEC
JAN
FEB
MAR
APR
MAY
JUN
JuL
AUG
3EP
ocT
NGY
DEC
JAN
FEB
MAR
APR
M AY
JUN
JUL
AUG
SEP

g8c
82
82
83
83
33
23
83
83
83
83
83
33
33
83
Ba
84
8a
84
84
84
=L
84
B4
84
84
84
83
83
83
83
83
83
83

[~
-

3
32

[
-

=S]
86
86
86
B6
86
86
86
86
84

BILLETS
Source: COMMSTAT Report
E-2 E-B8 E-7 E~-6 E-S E~& E-3 E-2 E-1
329 485 2644 5489 6618 6346 5382 3179 820
329 B85 2647 35492 6615 6346 35379 3179 820
329 488 2650 S5S511 6565 6355 5388 3186 820
329 488 2650 5520 6654 6362 53835 3182 820
331 491 2667 335B2 6948 6407 5410 3203 820
331 491 2670 5588 6939 6413 3403 3204 820
331 4?1 2643 5563 6333 6356 5413 3191 820
388 494 2670 5575 6334 6359 3403 3191 820
328 497 2679 3572 63246 6372 5407 3191 820
328 500 2676 5589 6339 6389 5403 3188 820
327 5046 2685 S5%96 6379 6952 5393 319 820
325 902 2671 S576 6103 4754 Sez2l 336t 820
325 502 2669 S55B0 6105 6756 5387 3195 8c9
319 307 2668 5609 6132 6783 Z4i1s5 2209 820
317 S10 2690 5590 6116 6739 5372 3183 820
313 S07 2689 35604 6128 6750 5380 3178 820
320 3509 2701 5624 61686 6686 5415 3216 820
320 S11 2701 3625 6165 6687 3414 3216 820
319 BS513 2712 5636 6180 6701 S4i4 3216 820
320 3509 2703 5609 6124 6642 5370 3186 820
320 3512 2714 5632 b137 6670 5436 3209 820
317 518 2727 5632 6125 6bbbs 35392 3200 820
316 518 2727 3Sé2b6& 6118 6663 95393 3198 820
317 S18 2732 5638 61285 6682 5S401 3206 820
316 S16 2726 3Sé24 6125 6671 5382 3197 820
317 517 27288 5624 6121 66469 353B2 3197 820
318 S15 2728 5636 6132 6478 5382 3197 820
31S S18 2733 Sé623 6081 b2 35370 3186 820
312 518 2735 5631 6097 6671 35373 3186 820
312 3518 27328 5630 6094 64658 5354 3185 820
310 519 2738 35632 6110 4678 8B376 3190 820
312 Sle 2728 5609 6096 6631 $316 3135 820
311 309 2756 5603 6070 6562 5935 2459 Bi2
309 S0% 2758 S587 6062 6560 ©935 2459 gie
308 S04 2737 5584 6057 6549 35923 2446 812
309 $07 2763 3612 6098 6578 5948 2449 812
306 S03 2736 98583 6065 65S1: 5863 2406 812
303 3B03 2730 35573 6070 6508 35852 2402 812
303 302 2727 95564 6069 6511 5840 2399 812
302 B02 2763 59547 6041 6451 5837 2402 812
301 B07 2759 S$S550 6041 6443 5822 2392 812
301 S07 2734 5532 60285 6444 5806 2382 gle
302 506 2745 5533 6035 6454 5811 2386 812
302 S04 2732 5537 6037 6470 5802 2381 81e
302 309 2777 5589 6098 6523 5842 2406 812
301 S03 2775 S601 6095 6519 5841 2405 812
302 501 2778 3$5604 097 6520 SB839 2404 812
300 S00 2770 35629 6167 6557 5908 2401 812
124
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2 ADMINISTRATIVE DISCHARGES

- Source: PMIS Separations Database
s Month E-9 E-B8 E-7 E-& E-S E-4 E-3 E-2 E-I
o OCT 82 0 0 0 1 3 16 15 18 76
o NOV 82 o} 0 0 0 1 1 1 0 0
(- DEC 82 0 0 1 1 o} 12 25 22 36 y
. JAN 83 0 0 0 o] o} 0 2 1 1
- FEB 83 0 0 ! 0 6 11 22 30 S8
< MAR 83 0 b) 0 2 2 16 28 33 8a
N APR 83 0 0 0 1 9 17 28 21 97
- MAY 83 0 0 0 2 6 15 32 28 84
< JUN 83 0 0 0 0 4 11 24 35 117
JuL 83 o} o} o] 1 7 23 36 33 50
- AUG 83 0 0 0 0 2 18 30 27 137
o SEP B3 0 0 0 1 7 21 33 36 115
o OCT 83 0 0 0 0 1 6 16 32 126
o NOV 83 0 0 0 0 1 S 13 26 10S
: DEC 83 0 0 0 0 1 6 15 31 123
[ JAN B4 o) 0 0 o) I 16 40 41 59
A FEB 84 0 o} 0 1 7 10 20 24 56
o MAR B4 o} 0 0 0 b 15 32 S8 37
P APR 84 0 0 2 2 11 16 30 34 92 .
. MAY B84 0 0 1 3 4 20 28 38 119
<. JUN 84 0 o] 0 1 4 18 24 36 78
{ JuL 84 o} 0 o} 0 1 10 36 30 53 .
7. AUG B4 0 ¢ 0 2 11 21 39 47 81
-~ SEP B84 0 0 1 4 4 22 30 36 70
- OCT 84 0 0 0 o} 14 17 24 36 72
s NOV B84 0 0 1 2 2 26 33 35 99
o DEC 84 o] o] 1 4 4 12 28 28 93
S JAN 85 0 0 1 3 6 24 36 32 70
2 FEB 85 0 0 0 4 5 19 32 40 64
o MAR 85 0 o) 0 1 10 18 30 40 56
(e APR 8S 0 0 0 2 6 14 35 40 79
N MAY 85 0 0 0 1 4 18 27 61 81
& JUN 85 0 0 0 4 7 15 26 35 53
> JuL 85 0 1 0 4 7 17 26 33 41
- 24G 85 = 1 0 3 5 13 28 29 85
£ zEp ES - : ¥ 1 ) 15 2a 27 Lo
e oCT 8S . : i o 3 9 ED 27 3
- NOQV 85 v ¥ 1 ¢ 4 16 21 Wl e
y - DEC 85 0 0 1 2 B8 26 ZS 34 46
JAN 86 0 0 0 1 7 16 32 3s 36
: FEB B6 ) 0 0 4 8 13 27 39 se
< MAR 86 0 0 o) 1 ] 9 27 31 66
N APR B& 0 0 1 4 11 24 21 26 g2
N MAY 86 o} 0 o} 3 7 2s a3 S4 84 ]
. JUN 86 0 0 1 4 9 21 34 43 69
- JUL 86 0 0 0 2 6 17 26 38 55
e AUG 86 o o 1 3 S 14 16 27 91
{; SEP 86 0 0 0 2 8 17 27 33 109
. 126
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< LOSSES DUE TO NON-REENLISTMENTS

"
J. = Source: PMIS Separations Database
b Month £-9 E-8 E-7 E-& E-5 E-4 E-3 E-2 E-1
o oCT 82 0 0 0 4 44 S3 23 3 1
T NOY o Be 2 2 0 13 52 85 S4 44 48
o DEC 32 C o 2 4 31 34 16 5 1
) AN B3 0 0 1 0 1 2 1 1 o}
Ay FE3 B3 b) 0 2 8 32 49 24 13 0
‘a0 MAR 23 > 5] o 9 40 40 28 & 1
- APR 33 ) 0 0 9 34 69 40 11 0
- VAV SE 2 J 0 6 %3 48 20 N 1
~ JLN 83 o) ¥ 1 8 61 92 32 S 0
JuL B3 o) 0 0 18 61 113 S0 16 0
5 AUG 83 0 0 2 19 76 140 45 17 2
L 2ES 353 2 0 2 9 59 148 48 8 1
s ZCT 83 > 0 1 18 66 122 b6 18 7
e NTaIVAR=ic b) 3 2 20 72 133 72 19 7
N JEZ &3 o) 0 1 13 46 85 46 12 5
° SAN 3¢ 0 0 0 14 48 108 39 12 o}
T FEB 84 o) 0 1 9 38 101 42 15 0
g MAR 84 0 0 1 3 44 78 32 8 0
ENE APR B84 0 0 2 16 39 77 34 3 0
jﬁ MAY B84 0 0 0 17 49 b4 17 4 1
- JUN B& 0 0 o} 15 31 82 24 11 0
- JuL 8B4 0 0 0 13 61 122 S5 7 0
o AUG 84 0 0 3 10 72 125 65 13 3
'f} SEP 84 0 o] 0 16 60 108 40 8 0]
- OCT 84 0 0 2 10 S4 91 42 7 0
e NOV 84 ) 0 0 11 53 95 33 7 1
N DEC 84 0 0 2 9 22 45 17 S o)
9 JAN B85S 0 0 o 13 so 126 37 14 2
o FEB 8BS 0 o} 1 6 49 95 38 15 1
- MaR 35S o) 0 2 S 32 80 37 8 1
e APR 85 0 0 1 17 46 67 29 2 4
o MAY 8S 0 0 1 13 51 72 31 G4 2
- JUN 85 0 0 2 15 43 65 27 4 o)
i JuL 85 0 0 1 16 39 74 16 S o}
L AUG B85 0 0 1 21 38 81 37 6 1
o 322 35 1 0 2 16 60 78 28 2 0
L ZCT 8s o 0 2 18 S5 81 44 9 0
s NGV 8% ) 0 1 16 51 74 42 7 2
DEC 85 0 0 0 11 23 44 17 4 2
v JAN B& o) o) 0 17 S3 108 47 6 9
%S FEB B6 0 0 o} 12 50 83 36 S 1
o MAR B6& o) 0 2 12 49 86 47 6 o)
e APR 86 0 0 2 15 b2 101 25 6 0
e MAY 86 0 o] 1 20 87 146 49 16 1
g JUN 86 0 o) 1 24 92 128 50 15 0
e JuL 86 o) 0 2 19 72 132 54 10 t
0 AUG 86 0 0 1 24 66 92 44 4 2
e SEP B6 0 0 2 13 38 66 22 3 3
N 127
g,
(Nt
N | e . .
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e
g

Mcnth

QcT
NCV
DEC
JAN
FEB
MAR
APR
MAY
JUN
JuL
AUG
SER
3CT
NCV
DEC
JAN
FEB
MAR
APR
MAY
JUN
Juu
AUG
SEP
ocT
NGV
DEC
JAN
FEB
MAR
APR
MAY
JUN
JuL
auG
SEF
acT
NGOV
DEC
JAN
FEB
MAR
APR
MAY
JUN
JuL
AUG
SEP

82
8e
82
83
g3
332
83
83
83
83
83
33
83
33
83
S
54
84
84
B4
84
84
84
84
8a
Ba
B4
85
8¢
=i
85
52
85
85
35
3%
23S
55
85
8é&
B8&
86
86
86
86
86
86
86

TOTAL ATTRITIONS

D sk s oa ohaobe Lad

Source: PMIS Separations Database

E-9 E-B E-7 E-6 E-S E-& £-3 E-2 E-1
3 S 9 14 S0 76 39 23 77
12 8 18 £0 S8 91 S7 47 48
6 3 17 9 32 49 44 30 37
0 0 3 0 1 3 3 =] 1
é 2 11 10 42 63 48 43 58
0 2 7 15 45 S8 57 39 85
& 0 7 17 49 92 72 36 Q7
& 2 11 10 30 68 Sé6 49 87
6 = 15 12 68 105 57 42 117
7 S 18 23 72 141 g1 50 S0
= 11 10 30 79 165 79 48 139
b 1 10 15 70 176 83 47 116
4 &6 16 25 67 128 g2 50 133
3 4 11 24 73 138 85 4S5 113
7 & 12 19 47 e2 &2 43 128
1 1 8 16 S7 127 82 S6é6 61
1 2 8 18 47 115 &5 42 Sé6
2 2 L 10 52 @S &4 &8 7
1 2 7 27 S1 96 b4 39 92
5 G &6 28 57 91 51 54 121
4 1 7 20 35 107 51 52 78
10 8 14 19 63 137 P4 37 53
3 7 15 18 85 153 108 62 85
6 S 13 26 &6 131 72 45 70
9 7 13 14 73 109 &7 44 72
) S 11 19 S8 130 70 G4 100
1 4 12 17 30 60 46 38 33
3 2 2 17 S7 154 75 4b 72
10 7 11 13 57 119 72 956 65
3 4 8 14 44 103 69 sS52 &8
3 1 4 22 S4 a2 &8 44 83
1) 2 10 18 59 g5 59 84 83
7 8 6 26 53 87 55 40 33
1 9 8 32 49 F6 47 38 41
& 12 18 28 45 %6 &7 35 86
10 8 b 26 71 98 S8 31 101
2 1 4 ee &7 7 71 47 83
Q 3 6 17 58 Q4 77 49 80
1 G 3 20 34 74 45 40 48
] b6 7 21 63 128 80 42 49
bé S @ 26 -Y-) 101 695 &7 54
3 =) B 5 23 13 53 22 &7
3 3 15 18 49 b4 27 24 ge
3 pa 10 35 84 156 65 B2 B84
7 1) 14 27 95 136 74 59 &9
14 10 25 29 79 153 82 50 36
4 11 17 34 73 108 65 33 4
6 4 17 24 50 83 53 39 112

128




e PROMOT IONS FROM PAYGRADE

- Source: Enlisted Status Division
N Month E-9 E-B E-7 E-6 E-5 E-4 E-3 E-2 E-I
P OCT 82 R 6 8 31 30 67 156 286 279
N NOV 82 o} 7 18 34 35 39 80 209 234
> s DEC 82 o) 10 11 40 39 30 109 222 409
.:) JAaN 83 0 16 41 B2 225 573 582 718 663
N FEB 83 0 11 18 40 67 125 o} 46 &2
N, MAR B3 0 7 13 20 40 s8 35 266 282
NN APR 83 o) 6 7 28 109 171 133 303 281
S MAY 83 0 1 1 18 S1 10 72 210 215
S JUN 83 0 3 4 14 9 7 97 246 410
' JuL 83 0 S 14 106 201 463 304 415 543
A AUG 83 0 2 13 45 S0 sa 21 207 b6
e SEP 83 0 2 22 33 16 11 129 303 sS32
2 OCT 83 ¢ 6 16 38 51 88 183 48 131
L NOV 83 0 6 @ 23 33 0 215 105 246
- DEC 83 0 4 8 15 19 2 607 728 845
o JAN 84 o} 9 13 57 159 446 278 337 277
Lt FEB 84 0 1 8 34 28 37 143 331 131
- MAR B4 0 S 4 16 38 SS 385 397 236
[ APR B4 0 6 9 32 67 S5 188 351 204
y MAY B84 o b 14 33 64 &7 290 S05 266
o JUN 84 0 7 a2 96 99 S4 382 354 212
{ : JUL B4 0 Q a2s 84 206 &04 435 352 282
- AUG B4 0 2 10 26 44 58 143 195 20
p SEP 84 0 2 10 e3 29 32 278 350 285
-1 OCT 84 0 4 14 27 30 36 161 316 88
W NOV 84 o} 7 18 32 39 16 216 251 127
e DEC 84 0 1 S 10 14 16 222 ase 354
{ JAN B85S 0 8 12 33 186 6B2 367 265 268
e FEB 85 0 6 15 44 30 45 212 237 128
- MAR 83 0 0 8 15 20 33 346 266 344
o APR 85 o} 7 9 16 30 52 199 2s2 217
A MAY 85 0 1 4 24 44 38 375 265 268
2 JUN 85 0 S 18 77 104 43 217 188 100
b JuL 85 0 4 17 63 194 591 611 286 189
N AUG 85 0 3 11 37 14 72 201 246 137
< SEP 85 0 7 13 26 34 36 192 215 153
L OCT 85 o} 7 19 se 73 69 854 274 274
N NOV 85 0 8 12 12 36 53 311 296  3Se
- DEC 85 0 0 3 4 7 25 201 214 280
- JAN B& 0 4 6 8 B8 295 231 225 166
AN FEB 86 0 3 14 36 S5 120 149 197 41
B MAR 86 0 3 8 15 37 73 213 247 135
L APR 86 0 1 10 8 30 69 183 260 185
A MAY B& 0 6 9 22 30 33 192 194 249
X JUN 86 0 8 26 70 58 41 o) 35 35
S JuL 86 o} 12 24 76 212 541 S46  6B2  S83
e AUG 86 0 3 13 39 96 140 167 297 @222
i SEP 86 0 8 17 53 S& S4 141 256 328
P
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EXPIRATION OF ENLISTMENTS

i\x Source: PMIS Database
. Month NMon-rate First Subseguent
. OCT 82 4 288 183
2 NOV 82 b4 271 173
e DEC 82 36 62 127
JAN 83 106 346 184
) FEB 83 62 265 164
it MAR 83 57 233 216
AN APR 83 86 174 121
w MAY 83 S0 Lo? 154
R0 JUN 83 68 193 115
o JuL 83 110 311 163
AUG 83 107 330 145
NN SEP 83 113 368 138
A OCT 83 73 356 243
RN NOV 83 86 339 158
RN DEC 83 es 76 124
I JAN B4 1:2 449 200
o FEB 84 8s 343 192
Vs MAR B4 79 278 189
N APR B4 57 256 202
NS MAY B84 b4 224 165
b JUN B84 57 266 188
oy JuL 84 92 438 214
t AUG 84 126 380 178
- SEP B4 98 356 200
- OCT 8¢ 8a 315 ea2
[~ NOV 84 68 333 207
N DEC 84 G4 118 147
) JAN B85 105 422 217
~ FEB 85 108 327 212
o MAR B85 75 278 213
SE APR 85 68 261 267
f_}_-'; MAY B85 105 218 236
exr JUN 85 71 222 261
. JuL 85 S4 271 298
i AUG 8BS 69 191 284
o SEP 85 o2 264 240
N OCT 85 7 218 316
e NOV 85 80 339 249
P DEC 8S 19 119 185
JAN 86 89 326 296
= FEB 85 82 247 276
S MAR 86 87 220 264
5 FOF Z= 7 257 324 -
e MAY B& 73 263 304
N JUN 86 45 196 336
% JuL 86 67 211 389
s AUG 86 87 180 325
- SEP 86 79 186 328
2
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g
I?- ECONGCMIC DATA
o Source: BLS Publications
:'-j: Montn CPI GNP Unemployment Rates
NG CCT 81 279.90 3164.00
) NQV &1 280.70 3149.70
ok JEC &1 281.50 3135.50 Males Aggregate
" TAN 32 £82.50  2121.90
v FZB g2 283.4C 3:108.30 20-25 2s + 16 +
i 1aR 32 283.:C 3094.7
Mo APR 82 284 .30 3100.10 15.0 6.9 9.4 9.0
MAY 82 287.10 3105.50 15.5 6.9 3.5 9.4
.. JUN 82 290.60 3110.90 15.8 7.5 9.7 9.5
S Jul ac z%2.z2¢ 3112.80 15.9 7.5 10.0 9.5
s A3 3 Z52.30 3114.70 16.6 7.5 10.2 9.8
- g2 322 z83. 20 3116.60 17.4 8.2 10.7 3.8
o JCT se £95.50 3111.53 17.4 9.1 10.9 10.1
NOv 22 295.50 3106.47 18.0 .2 11.1 10.5
NN CEC =2 292.40  3101.40 17.8 9.4 11.2 10.7
- JAN 83 293.10  3129.80 17.6 8.7 10.6 10.5
o FEB 83 293.20 3158.20 17.8 9.1 10.8 10.4
A MAR 23 293.40 3186.60 16.6 9.0 10.7 10.4
o AFR 83 295.50 3210.50 17.0 8.9 10.7 10.3
( : MAY 83 297.10 3234.40 17.6 8.8 10.6 10.2
: JUM 83 298.10 3258.30 1S5.7 8.4 10.0 10.1
JuL 83 299,30 3274 .33 15.7 8.1 9.8 10.0
o AUG B3 300.30 3290.37 15.9 8.0 9.9 9.5
aps SEP 83 301.80 3306.40 15.0 8.0 9.6 9.5
‘e OCT 83 302.60 3325.97 14.7 7.4 9.1 9.3
9] NCY 23 303.10 3345.53 13.8 7.1 B.6 8.8
iR CEZ 8 3C3.50 3365.10 13.3 6.7 8.3 8.4
AN 3 3CS5.20 3391.63 13.1 6.6 8.1 3.2
fZ3 54 306.60 3418B.17 12.1 6.4 7.8 8.0
o MAR B4 307.30 3444 .70 11.9 6.1 7.7 7.8
<L APR 84 308.80 3458.83 12.7 6.2 7.7 7.8
i Mav 84 309.70 3472.97 11.5 5.9 7.3 7.8
Sk M 3a 310.70 2487.10 11.4 S.6 7.1 7.5
JLL Ze 311,70 2493.87 11.7 5.9 7.5 R
~_G 2w 2:3.00 3500.63 12.3 S.7 7.2 7.5
- g2 Za 314.50 3507.40 12.2 5.6 7.2 7.5
- 30T Be 315.30 3511.73 10.9 S.6 7.1 7.4
s NIeIVAR=TS 21S.50 3516.07 11.2 S.6 7.0 7.3
- TEC 8Ba 315.50 3520.40 11.5 S.6 7.1 7.1
7 JAN 8BS 316.10  3529.27 11.2 5.8 7.2 7.2
v FEE 2% 217.40 3538.13 11.8 5.6 7.1 7.4
:2 MAR 85 318.80 3547.00 11.7 S.6 7.0 7.3
s APR 85 320.10 3553.67 11.3 5.8 7.1 7.3
.- MAY 85 321.30 3560.33 12.5 5.2 6.9 7.3
g JUN 85 322.30 3567.00 11.9 S.8 7.3 7.3
- JuL 8S 322.80 3579.27 11.7 5.6 7.2 7.3
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S Month cP GNP Unemployment Rates

‘ AUG 85 323.50 3591.53 10.7
PO SEP B85S 224,50 3603.80 11.0
o CCT 85 325.50 3609.97 11.1

Uuodoou~NdWFrPuUuwm

:jﬁ NOV 85 326.60  3616.13  11.2
N DEC 85 327.40 3622.30 10.6
LSRN JAN Bé& 328.40 3633.50 10.3
W) FEB 3¢ 327.50  3644.70  10.7
-y MAR 86 3256.00 3655.90 11.0
SR APR 86 325.30  3657.73 11.6
o 1AV B6 325,20 3659.57 12.2
S JUN 86 327.90 3661.40 11.0
'O JuL 86 328.00 3669.73 11.2
. AUG 86 328.60 3678.07 11.3
. 3EP 26 330.20 3686.40 12.0
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OPTIONS LINESIZE =
DATA PARTIL;

INPUT

CARDS;

.0286
.0391
L0197
.0000
.0199
.0000
.0123
.0122
.0183
.02el9
.0063
.0189
.02835
.0160
.0224
.0032
.003!

.0063
.0031

.0152
.0275
.0306
.0153
.01835
.0287
.0192
.0032
.0095
.0316
.0093
.0096
.0189
.0224%
.0032
0191

.0324
.0065
.0292
.0032
0164
.0195

ET E8

.0105
.0173
. 0064
.0000
.0043
.0041
.0000
.0041
.0123
.0103
.0224
.0021
0119
.0080
.0079
.0020
.0039
.0039
.0040
.0079
.0020
.0157
0136
.0173
.0138
.0097
.0078
.0039
L0136
.0077
.0019
.0038
.0154
.0176
.0234
.0157
.0020
.0059
.0078
.0119
.0099

"

E7 E&

.0034
.0069
.0065
.0011
.0042
.0026
.0027
.0042
.0037
.0068
.0037
.0037
.0060
.0041
.0045
.0030
.0030
.0033
.0026
.00z
.0026
. 0032
.0035
.0047
.0048
.0040

.0044

.0007
. 0040
.0029
.0033
.0037
.00ae
.0029
. 0065
.0022
.0015
.0022
.0011
.0025
.0033

APPENDIX B

SAS PROGRAM USED IN THIS STUDY

= BOj

ES E4 E3 E2

.0028 .0098

.0040 ,0115

.0018 .00&4

.0000 .0002

.0020 .0085

.0029 .0086

.0033 .0093

.0019 .0093

.0023 .0131

.0043 .0140

.0057 .0149

.0029 .0133

.0048 .0129

.0047 014!

.0037 .0092
.0031 .0112

.0034 .0088

.C019 .0098

.0032 .0097

.0054 .0109

.0038 .0068

.0037 .0123

.0034 .0156

.0049 .0123

.0027 .0139

.0036 .0112

.0032 .0039

.0032 .0112

.0024 0104

.0026 .0080

.0041 .0099

.0034 .0108

.0049 .0098

.0060 ,0092

.0051 .0080

.0048 .0125

.0041 .0120

.0032 .0103

.0037 .006¢2

.0039 .0115

.0048 .0118

......
-----

El EALL;

.0093 .0088 .0036
0112 .0126 .0ll4
L0061 .0096 .0072
.0004 ,0006 .0003
.0077 .0099 .0100
.0078 .0117 .0090
.0124 .0141 .0082
.0094 .0107 .0109
.0145 ,0107 .0093
L0193 .0167 .0106
.0237 .0137 .0099
.0260 .0148 .0099
.0191 .0144 .0100
.0203 .0152 .0087
.0131 .0113 .0080
.0175 .0132 .0104
.0165 .0121 .0Q79
.0137 .0116 .0133
.0135 .0116 ,0079
.0127 .0091 .01l12
.0146 ,0088 .0114
.0182 .0164 .0084
L0212 .0194 ,0143
.0183 ,0131 .0111
.0150 .0121 .0112
.0178 .0125 .0119
.0081 .0082 .0106
.0204 .0134 .0124
L0167 ,0132 .0130
Jlag ,0128 .0143
0111 .0129 .0118
.0127 .0112 .0227
.0t12 .0107 .0109
.0123 .0093 .0107
0124 .,0143 .0101
.0125 .0124 .0092
.0123 .0153 .0142
L0118 .0167 .0148
.009! .0100 .0119
.0155 .0178 .0124
L0125 ,0147 .0143

133
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.0670
.0377
.0314
.0015
.0482
.0720
.0722
0646
.0842
.0646
.1238
.0713
.0760
.0721
.1005
0615
.0604
.0973
.0897
.1187
. 0687
.0783
.1230
.0856
.1329
1221
.0943
.0897
.0693
. 0599
.0941
.1095
.0808
L0942
.1180
. 1053
.0750
.0682
.0607
.0986
.1220

.008895
.011037
.006910
.000417
.008359
.008896
.010778
.009640
.012124
.013770
.0153911
.013050
.014487
.014169
.011393
011946
.010326
.011317
.010725
.0115%94
.010266
.013010
.013926
.013116
.012264
.013057
.008607
.012864
.012359
.010874
.010750
.012366
.010107
. 009909
.011663
.012001
.011741
.011712
.008135
.012369
.011762
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L.
a::-:
. \‘_'.'
1 l‘--\_
ﬂ:;Q L0165 .0098 .0029 .0009 .004! .0016 .0120 .0070 .0927 .005790
N .0100 .00S9 .0055 .0033 .008: .0080 .0062 .0079 .1021 .008262
: .0101 .0098 .0037 .0065 .0152 .0194 .0147 .0274 .1053 .016249
. .0225 .0114 .0050 .0050 .0175 .0170 .017C .0196 ,0902 .015268
N2 L0465 .0195 .0091 .0053 .0140 .0198 .0202 .0169 .1158 .016091
P .0133 .0215 .0062 .0062 .0131 .0142 .0157 .0114 1151 .013656
:;;5 L0196 .0176 .0062 .0044 .0091 .0113 .0126 .0140 .1026 .011938
: ;
) DATA PART2;
SN INPUT MNTH CPIi CPI& CPI12 PDIF INLAGL INLAG2;
) RN MR=MNTH**2;
o M3=MNTH##3;
.~'5 MG=MNTH*#4;
MR CARDS;
2 .0017  .0360 .0557 .0157 332 360
;:,5 3 .0075  .03%9  ,0538 .0138 425 332
SR A .0010  .0303  .0387 -.0013 421 425
e S -.0115  .0062 .037S .0075 313 421
by 6 .0026  .0031  .0346 -.0054 489 313
» 7 L0003  .0014  .0364 -,0036 346 489
gl 8 .0007  .0003  .0394 -.0006 413 366
o 9 .0072  .0000 .0348  .0048 452 413
o 10 .0054  .0044  .0258 -.0142 548 452
- 11 .003¢  .0195  ,02643 -.0157 102 S48
-l 12 .0040  .0212 .08546 -.0144 48B3 102
( 1 .0033  .0242 .0290 -.0010 697 483
- 2 .0050 .0286 .0240 -.0160 S31 697
N 3 L0027  .0240  .0247 -.0153 4B7 531
= 4 .0017  .0202 .0380 -.0020 359 487
N 5 .0013 .0181  .0413 .0113 130 359
‘. b L0056  .0197  .0457  .0057 360 130
. 7 L0046  .0210  .0474  ,0074 232 360
ey, 8 .0023 .0182 .0450 .0050 @287 232
- 9 .0049  ,0205  .042¢  .0124 351 287
e 10 .0029  .0218  .0423  .0023 297 351
he 11 .0032  .0237 .0414 .0014 21 297
Sy 12 .0032  .0213  .0423 .0023 332 21
i 1 .0042  .0209  .0421  .0121 183 332
NG 2 L0048  .023&  .0420  .0020 140 183
N, 3 L0085  .0210  .0409  .0009 391 140
ANEE A .0006  .0187 .0395 -.0005 367 39!
N 5 .0000  .01S4  ,0357 .0057 222 367
WA 6 .0019  .0141l  .03S2 -.0048 417 222
7 L0041  ,0141  .0374 =-.0026 315 617
S 8 .0064 L0137  .0366 -.0034 261 315
N 9 .0041  .01S52  .0375 .0075 261 261
. 10 .0037 .0184  .0373 -.0027 237 26!
SO 11 .0031  .0216  .0356 =~.0044 17 237
5, 12 .0016  .0212 .0335 ~.0065 345 17
1 .0022  .0192  .0318 .0018 360 345
i 2 .003i  .0179  .0324 ~.0076 388 160
o 3 .0031  .0169 .0352 -.0048 382 388
%‘.ﬂ 134
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e
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X
AN
- 4 .0034%  .0165 .0377 ~-.0023 @222 382
- 5 .002¢  .0158 .0389 .0089 S1 222
6 .0031 .0173 .0318 -.0082 =212 Si
. 7 -.0027 .013% .0226 -.0174 270 212
- 8 -.0046  .0046  .01k2 ~.0238 281 270
& @  -.0021 -.0006 .0156 ~-.0144 258 281
. 10 .0031 =-.0009 .0174 ~.0226 @265 258
° 11 . 0049 L0015 .0161 -.0239 87 265
i2 L0003 -.0012 .0158 ~-.0242 425 87
N ! .0018  .003¢  .0176 ~.0124 186 425
iiql JATA SART3; :
'~ INPUT GNP1 GNP& GNP12 EESUB EE1ST EENR EMPLAG E2OLAG E2SLAG ETOTLAG;
EETOT=EENR+EE1ST+EESUB;
. CARDS;
R .0006 L0071 =.0166 183 288 b4  .12222  .10828 .24242 .17582
K -.0015 L0037 -.0137 173 271t &4  .11702  .16000 .31884 .15957
g ~.0016 .0003  -.0109 127 62 36 .12632  .16129 .33333 .16842
e -.0016 -.0031 .0025 184 346 106 .10526  .12658 .25333 .15464
P .J092 .0055 L0161 164 265 62 .06122  .10692 .16000 .06000
i .0091 .0140 .0297 216 233 57 .06122 .07229 .21333 .05882
- . 0090 .022S .0356 121 174 B6 .01980 -.04598 .0975&6 .00000
.0075 .0318 L0615 15¢ 169 50 -.02857 -.02299 -.02198 -.01835
.0074 L0612 L0674 115 193 68 ~-.05607 -.02222 -.04348 -.04505
- .0074 .0506 .0519 163 311 110 -.064762 -.11798 -.10638 -.10714
( . .0049 L0462 L0564 145 330 107 ~.08654 ~-.10795 -.06897 -.07547
s .0049 .0418 .0609 138 368 113 -.08654 -.10674 -.12088 -.08333
- .0049 .0376 .0689 243 356 73 ~-.09709 ~-.0963%9 -.11111 -.10280
O .0059 .0360 .0770 158 339 86 -.13725 -.13529 -.16854 -.149S3
o .0059 .0344 .0850 124 76 28 -.16832 -.21591 -.19318 -.18848
s .0058 .0328 .0837 200 449 112 -.18000 -.15287 -.20238 -.17000
.0079 .0358 .0823 192 343 85 ~-.15789 -.16561 -.18519 -.17347
S .0078 .0388 .0810 189 278 79 -.17895 -.23899 -.20000 -.21212
o .2078 .0618 L0774 202 2356 57 ~-.16129 =-.20667 -.23750 -.19792
- L0041 .0399 .0738 165 224 64 =.11364 -.,13605 -.16216 -.15385
o .0041 .0381 .0702 188 266 57 ~.10714 ~-.16667 -.16901 -.15116
o .0041 .0363 0670 214 438 92 -.13415 -.14286 -.16418 -.14458
o .0019 .0301 .0639 178 3B0 126 ~-.06250 -.10687 -.10606 -.07407
L0019 .0241 .0608 200 356 98 -.03846  .01653 -.10938 -.07692
L0019 .0182 .0559 222 315 B2 ~-.05128  .02521 -.0B8197 -.06494%
L5012 .0152 L0510 207 333 68 -.06410 -.14173 -.09677 -.07792
0012 L0124 L0462 147 118 44 =-,05333 -.02609 -.05085 -.04110
.o0012 .0095 .0406 217 422 105 .01408 .00877 .00000 .00000
.0025 .0101 .0351 212 327 108 ~-.01333 -.04274 -.01695 -.04000
oo .0025 .0107 .0297 213 278 75 -.02667 -.04065 -.01754 -,01389
- .0025 L0113 .0274 267 261 68 -.01351 -.04098 .00000 -.02778
D .0019 .0119 .0as2 236 218 105 .00000 .03670 .03571 .00000
- .0019 .0126 .0229 261 222 71 .02817  .11607 -.07143 -.01429
e .0019 .0132 L0244 298 271 S4¢  .01389 .03478 .03571 .02817
=" .003¢4 .0142 .0260 284 191 69 -.01351  .04464 -,03448 00000
o .0034 L0151 .0275 240 244 g2 -.04110 -.09322 -.0178&6 -.04225
.- .0034 .0160 .0280 316 218 79 -.02740 -.05983 -.01786 -.01429
o0
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®
D,
b
i -.~,'
b
M L0017 .0158 .0285 2649 339 B0 ~-.,02740 =-.01770 -.05172 .00000
- L0017 0157 . 0289 185 119 19 -.06110 -.10400 .03846 .00000
° .0017 L0155 L0295 296 326 B9 -.05479 -.10924 -.06897 -.08219
G LI03 L2 L0301 276 247 82 ~.08219 -.11966 -.05357 -.09722
- LI0E: L0148 L0307 264 220 87  .06286 .00000  .03636 .02941
. Ealvic L2148 .0293 324 257 77 .01408  .00000 .03636 .01449
i L0005 L0132 .0279 304 263 73 ,00000  .0450° .00000 -.02817
L3005 L0120 L0265 336 196 45  .04286  .0BS5:9 .07407 .05797
\ L2008 L0108 .0253 389 21t 67  .02899 .03774 .07407 .05970
LICER 2130 L0241 325 180 87 .02985 .08738 .0943% .07692
.2083 2062 . 0229 328 1B 79  ~.06849  .054607 -.03509 -.02857
g DATA DATAALL:
MERGE PART! PARTZ PART3 ;
| SECC RES DATA=DATAALL;
- MCOE_ 2% E§ 27 E6 =  MNTH M2 M3 M4 PDIF CPI! GNP& EESUB EMPLAG
o 3ICZ2 2 R COLLIN INFLUENCE DW;
o wCCE_ Z% = “NTH M2 M3 M4 PDIF CPI! GNP& EESUB EEIST EMPLAG
o 352 P R ZCLLIN INFLUENCE DW;
”;—¢ “CDEL Ze= MNTH M2 M3 M4 PDIF CPI1 GNPS EE1ST EMPLAG
Rl ; 852 P R CCOLLIN INFLUENCE DW;
S MODEL E£3 E2 =MNTH M2 M3 M4 PDIF CPI1 GNP& EENR EMPLAS
- / 552 P R COLLIN INFLUENCE DW;
" MCDEL E! E1A=MNTH M2 M3 M4 PDIF CPI{ GNP&6 EENR EMPLAG INLAG1 INLAG2
AN / SS2 P R COLLIN INFLUENCE DW;
(}‘ MCDEL EALL=MNTH M2 M3 M¢ PDIF CPI1 GNP& EETOT EMPLAG
A . : ;
‘ T,
15O
- .
)
=
ol
\'_’;:'
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e APPENDIX C
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b MECP SPREADSHEET LAYOUT
:::::' Figure C-1 is a diagram of the different modules of the
MECP spreadsheet.
o L 2. | 3. 4. 5,
INITIAL-|  PERSONMEL [ FTE ALGORITHM QUTPUT SECTION |  MACKOS
- 1Z6710N FLOM ?
Y CALCULATIONS |
RS SECTION |
- '
b~
) €. 7. B. 9. 10, 13, | 14
DS UNERPLOY- pAY
k.. MENT BNP CPL | DIF |  ACTUAL STOCKS | INTRO-|ERROR
{ . DATA DATA DUCTION] MSE
e RATES
o {1.PREVIOUS RUN
7 12. BRAPH LABELS
K- 16. 17. 8.
o ENLISTHENT| LAG RECRUIT
0 EXPIRATION|RECAT | ESTIMATES
"2 19. ATTRITION RATE | 20.PYRANID 15.
. COEFFICIENTS DOCY-
Ao HENT
e 21, FORECAST
.- ATTRITION RATES
, 22, FORECAST
e FROMOTION RATES
o 23 ATTRITION
v NULTIPLIER
Py
e SPREADSHEET LAYOUT
o FIGURE C-1
$-1
o
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\‘~' The remainder of this Appendix consists of Figures (-2
9,
L
- through C-10, describing each of the sections shown in Figure
SN
'\\ C-1. Each figure description contains the upper left and
e
e lower right spreadsheet cell locations, respectively.
n ‘l\
) oY 1S 11-Jul-g7
-‘..\‘. 2+ R - R
A CURRENT ST0CKS
‘:.}:. T 2 2
pot- PAY GRADE COUNT
. £-9 314
o £-8 515
£-7 2806
oo €-6 5389
o £-5 5476
2 . £-4 7141
- £-3 439
£-2 3922
B E-! 1418
TOTAL 31375
MODEL CONSTRAINTS
DESIRED
END STRENBTH 31400
FTE GOAL 31385
o CURRENT
S MONTH NUMEER 0
0 [ 0CT=0 31 OCT=1 30 MOV=2
Ny 31 DEC=3 31 IAN=4 23 FEB=S
3t MAR=5 30 APR=7 31 MAV=8
20 JUN=9 3t JUL=10 31 AUG=1t
e
o DECEMBER RECRUITS 200
- JUNE RECRUITS 100
o
MULTIPLIER NEW 9
T DEFAULT 25.774462
. FISCAL YEAR 1988
S E~4 - E-9 OFEN
o RATING LIST: YES =1 i
!;'_‘-"?:T SECTION 1 -~ INITIALIZATION: Al, CS9
L FIGURE C-2
::}:_ﬂl
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- : PROJECTED  RESULT FOR FISCAL /ESR ;%82
S ey
2N CT 3T N0V DEC JAN FEB MAR  APR  MAY JUN UL MG 3P
:::‘: B T e ek e
o L SRADE ¥
: E-9 e 3t 35 AT 33 3Mé 34 35
3 S8 SI3 SIS 15 513 514 515 Sib 5ib
-7 30k 3310 3814 2797 2307 2806 2811 PB4
. £-s 389 398 Tedp 5337 a4 5402 5400 5409
L I-3 0 4% 43S 493 3459 5925 5863 5745 565!
E-s 14l 7045 s%d TO1T 8570 4635 4712 4765
kv 77 £-3 e39% 4323 4291 4290 4165 4156 4165 4175 4y
= L B~ 3922 a0BY 4256 4SOB 4469 4445 4578 4707 4305 .
D E-1 1418 444 1419 992 943 1246 (176 (117 151
T STOCKS OCT NOY DEC JAN FEE MAR APR  MAY JUN JUL AU SEP
S s TOTAL 231375 21624 31473 31275 31329 31383 31435 31490 31544 31236 31291 31345 31400 !!
Lra N FTE 2616, 2520, 2h14. 2408, 2613. 2617, 2621. 262b. 2615, 2605. 2609, 2414, !!
,)Q; 0 "
Ay i CUM 2516, 5237. 7850, 10460 13073 15491 18313 20939 23555 26140 28770 31385 !
) ¥ FIE ¥
Ay ' : ¥
O |I|I ol L 2 E c [ -4 c - it
11 RECRT 599 429 200 S8B 617 539 Sk 625 100 7B st 402
:f:‘;i . T ¥
O LU REZRT 699 1328 1528 2116 2733 3272 3836 4461 4561 5279 5060 4aeR !
o
‘_g SECTION 2 PERSONNEL FLOW CALCULATIONS: C1l, T33
i FIGURE C-3
2
o
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-.‘..l

N
£
h:

e FTE CALCULATIONS

- A. BEGIN  MONTH :1 OCT-NOV.! JUN-SEP B. 3EEIN: ! DEC-JUN
», FTE CUN FTE  STOCKS DER DER x Iy POINTS DER + PT DERECOEFF 2 COEFF SLOPE 2613
A BDOREIRT 360 30T 2517 2817 31426-2.76 -2.763897 31377 -85722.04 ! BEC 21178
" WOy 2531 3237 31474-5.53 -5.527795 23T -1TET.s : IAN 33752
& TLN RECAT Y 3EC 2515 782 31276-5.46 -5.457943 31381 1702771 2728971 1§ FED 3kuds
: JAN 2609 10461 31330-3.37 -2,374610 31383 -105906.5 -12.4984% 1+ MAR 39029
_ 35D AT 53 FER 2613 13074 31383-1.29 -1.201277 31385 -40527.27 -3.879631 | 3 APR 4143
= 3 AR 3518 15851 31437 0.79 0.7920560 21398 24660.539 1.534112) 1 2 MAY 44247
o AT T APR 2622 (3313 31491 2.88 2.8793892 31390 62ST.276 2.37S389T 1 1 IUN 43776
< DAY 2825 30939 31564 4,96 4.9987227 21392 15%802.57 1 JUL 39850
o T 3 JuN 2615 23555 31237 4.89 4.6946781 31394 153662.30 ! AUS 35525
L JUL 2605 26fel 31291 3.26 3.2531187 31395 102448.33 !

~ MU 1204389, LB 2410 28771 31346 1.63 1.6315593 31398 51227.565 !

- SEP 2614 31285 31400 31400 !

L NUMZ 34,143939

o DEN  S7.705493

j =

. GPTIMUN 25774482
D OPT 151.79214
- FTE CONSUMED O
/ FTELEFT 31389
o LT 25.7Tesol
) ::'
o SECTION 3 FTE ALGORITHM : T1, AG3S

D FIGURE C-4

ol

AN AT AR

Pl -
4
L

-
[]
<

X, I
P LYY I

140




"‘ l.l"’.
A
[AERERENENTRE S

a
¥
[ ]

| PRY
i ERADE
END STRENETH) E-9
31400+ E-R
P E-7
FTE © E-¢
31283 T E-S
T E-4
MONTH © E-3
0 -2
voE-L
MULTIPLIER |
25.774 1 T0TAL
REMARKS | FTE
|
v FTE
i RECRT
v CUM
. RECRT

puTRyT AREA

3

PRCJECTED  RESULT FOR FISCAL VYESR 1928

.........................................................................

{0CT 9CT  NOY  3EC  IaN FEB MAR AFR MAY JUN  JUL  AUB EEP

e 3% 3T i3 2T 34 316 315 31 312 3T M3 3
515 S Sté SEE 0 Sh¢ S!S Ste 8ls 317 512 513 Sle 518
2804 2810 2Bla 2797 2807 ©280¢ 22!1 2814 2821 2800 2B04 2803 2818
3389 35398 5404 5387 o444 5403 3400 3409 5418 5392 5324 5384 9394
D476 34BS 5493 459 5923 GSBE3 5763 35651 5528 3468 5543 5471 SaBl
7141 7040 £944 TO1T K570 £63% 4712 4787 &B4B 4900 7002 4906 £33
4394 4329 4291 4290 4145 4136 6163 4173 4185 4182 4151 4137 4134
3922 4089 425k 4308 4669 4443 4578 4707 4742 4763 4638 4305 4560
1418 1444 1419 992 243 1246 1176 1117 1170 902 98B 1513 1378
31375 21424 31474 31276 31320 31383 31437 31491 31544 31237 31291 31346 3ladw

2616, 2620,7 2514, 2508, 2513, 2617, 2621. 2626. 2615, 2505, 2609, 2514,

2b16, §237.3 735!, 10480 13073 15691 18313 20939 23553 26160 28770 21335 |

£99 829 200 ZBB 617 339 364 625 100 TIB TAl 402

599 1328 !S2B 2!1s 2733 3272 3835 44k 4561 E2TY s040 kedl

SECTION & QUTPUT SECTION: AK1, BB3S
FIGURE C-5
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SECTION & UNEMPLOYMENT RATES : C35, MS9

MAR
APR
MRY
I0H
BB
ceP
0T
NGOV
DEC
JPN
Pl
MAR
APR
MY
JUN
JuL
UG
5P

HAR
APR
MRY
JUN
JuL
Alis
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NGV
2EC
IAN
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AR
APR
MAY
JUN
JuL
LG
SEP

Xonthly rate
1987 7.2
1987 4,933
1987 6.568
1987 6.4
{387 6.4
1987 b.4
1987 2.4
1987 5,433
1987 5,486
1987 5.5
1988 5,566
1988 £,632
1988 4.7
1988 £.756
198E 2,332
1B 5.9
1968 4.933
1988 5,966
1988 7
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Buarterly rate

1 ST 1987 7.2

2 ND 1987 6.4

IRD 1987 A%

4 TH 1987 4.5

187 1988 5.7

¢ ND 1988 4.9

JRD 1988
FIGURE C-6
Quarterly
1 ST 1987
2N 1887
3RD 1987
4 TH 1987
{87 1538
25D 1988
38D |9gg

SECTICN 7 GNP DATA :

FIGURE C-7
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5 M0
DIFF

-0.11
-0.07
-0.03
0.013
0.u28
4.038
0.046
0.051
0.0%a
0.061
0,933
0.050

GNP 5 MO
DIFF %
3735.2

3751.8

3816.3
0,0217123
0.023879
3837.58 0.0260401
0.028194¢
0.0253178
3393.5 0.9228715
0.0202582
0.0187515
3929.93 0.018250%
0.018753¢e
0.0187013
395 0.0185478

M33, W39




e
L Nonthly CPI Quarterly CP1 1 MONTH 12 NONTH
- DIFF % DIFF %
xen 3P 1986 @7 3IRD 1986 327
non i 986 327,133
R NOY 1984 327,266
O, 3E2 198 3174 4 TH 1986 327.4
,Q;J ' I8N 1537 330,232
») £33 1337 333,086
v 158 (387 2359 18T 1987 335.9
- aPa 2787 336,333
N “y 1387 336.788
T JA |23, 2 ND 1987 337.2
N MU 1987 338,753
o A3 1987 340,328
O 3E? 1337 341,39 2 RD 1987 341.89
- e 1987 343,15 0.0045936 0.,0455351
A NG 387 344,43 0.0037144 0.0429512
: 2 387 ST 4 TH 1987 345.7 0,0037008 0,052444+
,r T 1988 347,933 0.0034872 0.0558949
o FIz 1238 348,366 0.0038549 0,0508721
o7 4R 1383 29,7 18T 1988 349.7 0.0038420 9,0459347
AFR 1988 351.04¢ 0.0038273 0.0410836
ol HAY 1988 352.393 0.0038509 0.0437442
we MO 1988 353.7¢ 2 ND 1988 353.74 0.0038361 0.0464°2)
- i 1988 335.06 0.0038214 0.0490510
. AUS {988 354.28 0.0037315 0.0481063
S 3 1988 3577 3 RD 1988 357.7 0.0037176 0.0471703
- SECTION 8 CPI DATA : W3S, AF6S
N FIGURE C-8
C
o ANNUAL COST
B OF LIVING DIFFERENCE
b PAY  RAISE YARIABLE
..V'A = kB
" ocT 1987 -0.0155351482
NV 1957 -0.018991237
3 1987 -0.0224444897 :
I I8N 1988 -0.0258949237
- FER 1788 -9.02087312
< AR 1988 -0.0159347434
S 4R 1588 -0.011083655
T &Y 1988 -0.0137462834
10N 1988 -0.0164020588
. UL 1988 -0.0190510083
o UG 1988 -0.0181063476
v 5EP 1988 -0.0171703457
L SECTION 9 PAY DIFFERENCE VARIABLE : AF3S, AK&S
A FIGURE C-9
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SECTION 10 ACTUAL STOCKS :
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SECTION 11 PREVIOUS RUN: AK32, BBS6
FIGURE C-11
Welcome to the Military Employsent Capability Plan
{MECP} <cpreadcheet cupperted by G-FE-4.
The Menu for this spreadsheet can be chtained
by pressing the ALT key and M key sisultareously
Jocusentation for this spreadsheet can be faung
on this disk in a file labeled Manual.tst
This MECP model was developed 1n conjunction
with 3 master’c thesis written by L7 Lance L. BARLQ
Comgents or bugs are welcome!
This versiocn was last updated JUNE 1987
SECTION 13 INTRODUCTION : BB3S, BH7B

FIGURE C-12
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NON-RATE FIRST SuB
ocy b8 241 363
NOV e 226 334
2EC 27 212 236
RN &7 246 364
FEB ! 228 373
HAR t! 230 337
APR o8 354 N
1Y F 237 39
JUN i3 158 414
JuL sl ¢33 463
AUG kY 163 4kt
SEP 29 139 304

SECTION 16 ANTICIPATED ENLISTMENT EXPIRATIONS : AS9, G77
FIGURE C-13

LABGED RECRTS

AUS 1987 600
SEP 1987 400

SECTION 17 LAGGED RECRUITS : HS9, L77
FIGURE C-14

RECRUIT ESTIMATES
E-5 E-3 E-4 E-3 E-2 E-1

acT

NQY i
OEC : 10
JAN ’ 10
FEB 10
HAR 14
AFR i
naY ‘ 1)
JUN HY
JuL 14
AUE ' 10
SEF ' 10

633
365
147
324
553
473
500
551

57
654
697
538

i
1
11
1!
i
11
{1
t
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11
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1
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SECTION 18 RECRUIT ESTIMATES : LS9, W77
FIGURE C-1S




bt
" COEFFICIENT €9 E-8 E-7 E-b E-3 B4 B3 EeD £-r YDA
o, RESFESSION 0.910 0,015 2,004 9,001 9,005 0,005

X COEFFICIENTS  MONTR 9,015 -4,00 0,000 0.000 0,000 -0.00
‘:j) MiNT e -0.00 0,000 -0.09 -0,00 -0.00 0,000
o MONTH4<3 3,000 ~3.00 0,000 0.000 0.000 0,600 0,000 2,000 o,
e HONTHE$4 =300 0,000 -0,00 0,00 -9,00 0,000
SAEX Fae GiFF, =310 =9.07 -0,97 -0.00 -0.10 -0.12 -v,
- CPIODIFF! 1.1475 0,533 0.178 0.078 0,630 9,559 0.
: -0.10 <0.16 -0.01 -0.00 0.01s 0,035 -0,
sLE 0,000 0.000 -0.¢0 0,000 0.000

157 0.000 0,000

0,000 0,30 -

NP 2IF
" EXP ENL
ENL

SNENFL ZvuENT 3,019 0,00 0,901 -0.09 9,000 0,41 -0,01 -0,00 -0, 0T muL

SECTION 19 ATTRITION RATE COEFFICIENTS : A77, Q98
FIGURE C-16

- l AL FERCENT FILLED  PCT JAN PCY

e
[ oy
—

r £-¢ 3.3l 100 1.90 1,90 :
Pt SERNOISE LG 140 100 '
. £-7 s 1,90 1.0 £.00

N £-x BE 5.95 9.98 5,90

~ -3 7,39 9,38 3,70

-". .

LK SECTICN 20 PROMOTION CONSTANTS: Q77, XB4
FIGURE C-17
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N
-
X 3
i’ : 3,325 2,013 0,094 0,005 0,013 9,021 0.035 |
O : 2,323 3,001 0,004 0,004 0.012 0,018 9,03
- ) 3,319 9,009 0.005 0,003 0.012 0.018 .02
o N : 2017 1008 9,604 0,004 9,812 0018 .43
~ SERRUAR Y 5 0,315 0.007 0.006 9,004 9.012 9,017 0.63
47 CH - 0,015 9,007 0,004 0,003 0,011 0,018 0.03
- PRI 3 9,017 0.007 0.003 0,006 0.011 0,015 0.03
s 3 3 5,021 9.009 0,004 0,004 0,012 0,017 9,03
. HE . 6.025 2,012 0.004 9,005 0.012 0,019 9,93
= T - 3,026 0,017 0.005 9.006 0.014 0,022 4,041 ¢
- WELET 2 3021 0.024 €.095 0,006 0,013 0,023 0,042 { NP
é EITEMEER 2,027 9,014 0,005 0,004 0.012 0.019 0.032 9.926 ..027 ¢.013

f: SECTION 21 FORECAST ATTRITION RATES : A99, Qile

L FIGURE C-18

e T NOV DEC AN FEB MAR APR  MAY JUN JUL  AUE  SEP
5 £-3 315 0,007 0,011 0,011 0.910 0.612 0,014 0.010 0,018 4,013 2,13
- :-3 LS55 0,901 0.203 0,093 0.003 0.003 0,006 9,902 0,808 4,007 1,0
o £-" 36 0,000 0,006 0,903 0,006 0,006 9,005 0 9.007 .30s I.%ds
o £- 0 0.020 0 0.006 0.009 0,011 0 0 0,022 2.012
N £- 0.0030.090 0 0 O 0 00,021 0,315 0,080

) £-4 2,081 0,240 0,341 0,072 0,061 0.061 0,041 0,041 0,041 0,093 G.ubl 3,061
= i3 587 1,087 3,067 0,087 0,087 0.087 2,067 0.067 0,087 2110 2,087 1.7
s-: L3TU 355 0.930 0,555 0,195 0.415 0,960 0,925 0,424 0,508 L 1u3 l.ele

- TNk BT AN FEB MAR AFR O MAY  JUN UL a6 ZzF

. SECTION 22 FORECAST PROMOTION RATES All2, R131
St FIGURE C-19
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Ty ATTRITION  MULTIPLIER

o £-9 E-8 E-7 E-6 E-5 E-4 E-3 E-2  E-1 TOTAL

he 7 R R RS S SR SR RS S SR

i \oY ! | 1 ! ! t ! 1 ! !

e ! ! 1 ! 1 1 ! ! ! !

O N A WS S SR ST SR SRR SN SR

B Iz ! ! ! ! ! ! ! ! { !

. "R ! 1 ! 1 ! ! | | ! !
R : { { { { { i : . i
3y ! ! 1 ! 1 ! 1 ! ! !
UN | 1 ! 1 1 1 { ! 1 !

D L ! 1 1 ! 1 ! 1 ! ! !

A \n . . .

. nul ! $ { i { i 1 i {

‘2N iIp 1 ! ! ! 1 ! 1 ! 1 !

l"’-\;

Y

'%}.‘

‘.—t SECTION 22 ATTRITION MULTIPLIER : Al31l, N147

o FIGURE C-20

)\_

o Note:

ﬂij 1. Sections S5, 12s 14, and 15 were ommitted because

o their display would not have been informative.

2. Formulas can be listed by printing the ranges

indicated and using the LOTUS /ppoocq sequence.
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*l? MILITARY EMPLOYMENT CAPABILITY (MECP)

USER’S MANUAL

The MECP has been programmed with LOTUS 1237, version

1)
,",/-:‘.'
'?ﬁ 2.01. The theoretical and mathematical underpinnings of the
. model are described in detail in +vhe text of this thesis.
S The actual spreadsheet layout is described in Appendix C.
VSRR
tﬁf The ouroose of this manual is to give instructions on the use
i of the spreadsheet.
L
i This manual is written for the user who will want to see
}ﬁ} the effect of major policy changes and for the advanced user
o
(V' who may want to explore many of the more subtle interactions
;C: involved.
- The instructions that follow assume that the user has a
e basic familiarity with his/her computer, DOS and LOTUS. This
iﬁ: spreadsheet is fully menrnu driven and once loaded requires
E; minimal knowledge of LOTUS.
T
. A. PRELIMINARIES
1. Prior *to using the spreadsheet, it is strongly
recommended that a back-up copy of the disk be made. Every
‘_' attempt has been made to prevent the accidental erasure of
~
l;?- formulas and data, however the user may find circumstances
N_ —-
‘:E- : when he/she may want to alter data temporarily without losing
.::: the original forever. The user familiar with LOTUS may want
i;:; to read paragraph 4 and skip to section B.
A
7z, "
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:ﬁ 2. Enter the LOTUS environment.
'“ 3. Load the spreadsheet named MECP. ]
i 4. VYou will be taken immediately to an introductory
'ﬁa section. To obtain the menrnu, press the ALT key and M key 1
{i simul tanecusly.
35 S. This menu works exactly the same way as the regular
;; LOTUS menus. Use the left or right cursor keys to highlight
N the various options. On the second line you will see either
{i a briet description of the action obtairned when that option
;ﬁ is selectedy or the sub-mernu of additional! choices available
AN under that option. Press the RETURN key to select the
?ﬁ highlighted item. Alternatively, vyou can select the option ﬂ
‘53 by typing the first letter of the desired menu item.
o 6. After each action performed; you are returned to the |
-fg normal LOTUS environment (READY appears in the mode indicator
’}i in the wupper right hand corner). Press ALT-M to return to
,‘ the main menu.
EEZ 7. Anytime you are working your way down the menu tree,
éé you can return to the main level by pressing the ESC key and
;i then the ALT-M keys.
8. The only cells that are unprotected in this
"h& spreadsheet are those that the user should alter. If you
f: accidentally try to enter a value in a protected cell, you
;ff will get an error message in the upper right corner of the
;fi screen. Press the ESC key and make the correct entry.
ifg 9. Error messages will usually be displayed in the upper
j 152
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right hand corner of the screen in the mode indicator block.
This block will no-mally display "READY" if it is wailting for
the next command or "WAIT" if the spreadsheet 1s
calculating. Ary other message can wusually be cleared by
pressing the ESC or RETURN key. The user should not be
concerned about the "CIRCY reference that appears at tre
bottom of the screen, the recursive nature of the model
causes the circular references and is appropriately handled

in the way the spreadsheet is recalculated.

B. MANDATORY ENTRIES

This section summarizes the entries that must be made for
a run to ensure reliable results. A detailed explanation of
the menu options i1s contained in sections C and D.

1. Initial Full Year Run

The following menu options must be wutilized in the
following order to use the spreadsheet for the first rum of
the year.

a. The INPUT option must be used to initialize all
entries in this section. If the current value 1is to remain
unchanged, press the ~=2turn  key. If a change s des:red,
type the new value and press return. Every time the user
presses the return key,the program will automatically move
the cursor to the mext block to be changed. It 1s recommended
that the user leave the Multiplier New cell equal to zero or
blank and the December and June recruit entries should be

left at the default values of 200 amd 100 respectively for
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d the first run. Current Month Number cell must equal zero.
;)3 NOTE: The nature of the formulas requires the beginning stock
;vﬁ and ending stock to differ by at least ome (1). The user may
e view the most recent stocks by pressing the Page Up key.
n-l These numbers will provide a guideline for reasonable End
;ij Strength and FTE entries.

b. The UPDATE DATA, ANNUAL Option must be utilized

to enter the actual or forecast values for all s1ix

‘y
¢+

[
'
1

<
[T

subcategories (ZPI,GNP,payraise,unemployment,recruits lagged,

’

| N R N )
O S
f

L)

and enlistment expirations) at the beginning of a fiscal

2

1

year. It is assumed that the person maintaining the model

will entered this data for all other users.

c. The UPDATE DATA, MONTHLY Option must be utilized
to enter the 1 0OCT stocks. This option must also be used for
all partial year models to record the actual stocks to date.

2. Subseguent Full Year Runs

Only the INPUT optiocn need be utilized after the

ANNUAL data has been entered.

L 3. Subseguent Partial Year Runs
R a. The UPDATE DATA, MONTHLY option must be used *o
A enter the most recent end of month data. Make sure you

change the CURRENT MONTH NUMBER selection to reflect the last
day of the most recent month . This menu item will also

f} update the most recent stocks section in the INPUT section

1’; and will recalculate the current total stocks.
o
A
‘~~." . 4
~
. ’.:-‘
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b. The INPUT option may be used to specify a new

target end strength and FTE.

c. You may only change the multiplier new cell, B44,
when current month number equals O or 1. It 1s recommended
that the user leave this as a zero for the first run. It MUST
2qual zero for runs after 1 DEC.

4, All Runs

a. The CALCULATE option is required to recompute the
~esults for the current entries.

b. The OUTPUT option is required to view the results

in the desired form (screen, printed, graphically).

C. BASIC MENU ITEMS

This section will give a brief description of all the
menu choices illustrated in Figure D-1 except the UPDATE DATA
and ADVANCED OPTIONS selections. These are discussed in the
next section (Advanced Menu Items).

L. INPUT Cption

Selecting this option will put you in a portion of
the spreadsheet that looks like Figure D-2. Instructions for
2ach zossible entry are included alongside the figure. The
Juser should be aware that the most realistic FTE values are
those values lying between the beginning of year strength and
end of year strength. The December and June recruit entries
are fixed levels of recruits based on historical data,
additionally, they are automatically set to zero when the
annual shrinkage exceeds 3500. The Multiplier entries govern
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the rate of growth during the year.

default

connecting the 31 DEC through 31 MAY stocks as a

entry

specifies

the

In short,

slope of the

the slope of the line connecting the current

the Multiplier
line

function of

MAIN NENU
i | I
| UPDATE | OUTPUT GRAPH ADVANCED
ATA ! OPTIONS |
Lt CALCU- EXIT
| LATE
|
] [ [ 1
[AMNUAL | [WONTHLY CURRENT LAST VS
% DATA DATA CURRENT
j
1
|
S i I | 1 | r
. poeeson | | PRINT | [RESULTS SAVE LASER ASCIT
N 300 ‘
L
|
' L [ f [ L [
SRONOTE | ATTRITE | | BILLET | | Receur] | svacks | | ocument|
L ORATE | | ReTE ]PYRAHID lestimate] | l |
SR | || 9 J
}
S | | | [ L
crt | luneweLoy | ENP ENLSTHT | |PAYRAISE| |RECRUIT ouIt
! menT || EXPIRE LA
L j L
Figure D-1: Spreadsheet Menu Description
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stock and target end of year strength. The default value is
calculated to minimize the deviation from a line connecting

the current stocks and end of year strength. Specifying a

Multiplier New, modifies the slope of the 31! DEC - 31 MAY
ilne segment. For example, in figure D-2, the slope of the
Lime cconnect.ing the current stocks and the end of year
strength 1s -74.5. The Multiplier default value shownr
indicates that the cptimal slope of the 31 DEC - 31 MAY line
segment is -4.82 (shown) times -74.5 (not shown but equal ::
(29000 - 298941 + 12 ), or 359.08( not shown). The wuser is

encouraged to experiment with the Multiplier New value to
determine its effect on monthly stocks. A more detailed
explanation of the Multiplier is found in Chapter IV .

2. CALCULATE Option

This option recalculates the spreadsheet with the
current entries. The value of the total stocks from the
previous run is saved for display in the GRAPHICS option. Be
sure you want to calculate the current values; the
calculation takes approximately 75 seconds on an IBM/XT with
a math coprocessor.

3. OQUTPUT Option

a. RESULTS Option (See Figure D-3)
This option allows you to see the results of the
current run. Use the cursor keys to scroll right and down to
see all the output. The remarks section (cells ALR4 - AL3%)

can be used to briefly document temporary modifications.
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Column A

Column B

PR
LA A

LT
AN

. FISCAL YEAR

E-4 - E-9 OPEN

NO

i INITIALIZATION SECTION
- TODAY 1S 22-Jun 87
= CURRENT STOCKS
: PAY GRADE COUNT
- E-9 301
: E-8 493
£-7 2700
E-b 5300
E-5 5400
E-4 7400
E-3 4300
E-2 3000
E-1 1000
oy TOTAL 29894
?& S=S=SSS=SSSSSSSSSSEISSSSTS=SS=ss
he MODEL CONSTRAINTS
Jl'l.,' P~
P
DESIRED
END STRENGTH 29000
N T e e e
< FTE GOAL 29500
CURRENT
MONTH NUMBER 0
1 OCT = 0 31 OCT= { 30 NOV= 2
s 31 DEC= 3 31 JAN= 4 28 FEB= 3
S 31 MAR= & 30 APR= 7 31 MAY= 8
- 30 JUN= 9 31 JUL=10 31 AUG=11
50 DECEMBER RECRUITS 200
- JUNE RECRUITS 100
o MULTIPLIER NEW 0

DEFAULT -4.819813

VRN RATING LIST: YES =1

1987

Figure D-2: Initialization

et .t

a. Date is entered
automatically.
b. All entries are made 1in

column B of the spreadsheet.

c. These are the most recent
stocks as entered in the UPDATE
DATA, MONTHLY option.

d. LOTUS will calculate the
total.
e. Enter the desired 30

September stock.
f. Enter the FTE constraint.

g. Enter the month number that
corresponds to the stocks
entered 1in (c). Codes are
listed.

k. Change these default
recruit values if desired.

i The new multiplier will
change the rate of growth. The
default value 1s the optimal
value. Change it by entering a
number in the NEW cell.

j. Fiscal year being forecast

k. ! means recruits are being
accepted in paygrades
E~4 to E-6.
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:1_:‘,7 1N ATE PROJECTED  RESULT FOR FISCAL 1E&R 1937
SN fe-lun-37
D OCT JCT MOV DEC JAN FEB MAR  APR MAY JUN JUL AU SEP
o SO
N SRADE
L THDOITRENETHD  E-9 300 30 302 302 304 306 308 310 32 319 23 U5 R
@ 17T -3 305 432 495 494 498 501 505 508 512 508 i@ S17 52
£-7 2756 2750 2732 2721 2720 273 2752 277t 2790 2776 2798 2817 2841
STE . £-6 S410 5376 5351 5330 5292 5251 5287 5323 5359 5329 5242 S411 5458
30740 | E-5 G455 5409 5379 5347 S742 5677 5523 5409 G44s S404 5537 5439 SS4b
X -4 7515 7382 7649 7746 7516 7563 7404 7599 7452 7485 7513 7230 7012
’ XONTH | E-3 4286 4137 4041 3989 3817 3773 3724 3704 3706 3721 3725 3730 3731
00 E-2 2892 2754 3065 3416 3559 3617 3641 3939 4185 4386 4381 4078 4442
¥ D E-1 B33 1890 1181 807 913 1349 1637 1428 1438 1040 1212 1997 199
[ SULTIPLIER !
i 1,382 0 TOTAL 29953 30072 30191. 30151 30361 30571 30780 30990 31200 20960 31232 31503 21775
REMSRKS ¢ FTE 2501. 2510.9 2514. 2521, 2538. 2556. 2573, 2591. 2590, 259!, 2813, 283b.
o0 CuM 2501, 5012,0 7526. 10047 12586 15142 17714 20307 22898 25439 28102 30740
£TE
.":::: ;
L { RECRT 696 438 200 617 728 705 704 699 100 838 9% 784
\} o
o . RECET 69 1194 1394 201§ 2739 3444 4148 4847 4947 STBS 871 T48S
e
L.
‘n.-'-.
NN

ol

Figure D-3: Sample Results
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b. SAVE Option

(1) WORKSHEET Option. The entire worksheet is
saved with the name MECPA.WK1. Be sure to rename it if you
want to save more than one. Caution: This 1is a large
~Norksheet! (105K, 60 seconds to save)

(2) RESULTS Option. Just the results of the
latest run are saved in a worksheet named MECPRSLT.WK!. Be

sure to rename 1t if you want to save more than one.

N

<. IBM/EPSON PRINT Option
The output exceeds 80 characters. In order to
print it on a standard width dot matrix printer, the printer
must be set to print at the condensed print size (17.1
characters per inch). This option sends the correct command
to the Epson and IBM printers. Othef printers can be set up
using the Print,0ptions,Setup command in LOTUS (/PPOS\###%).
Consult your printer manual for the appropriate set-up code
to replace ###. This option also clears settings from
previous uses.
d. PRINT Option
Sends a copy of the latest results to the
printer. Prints one table per page.
e. ERROR MSG Option
See section F of this manual for a more detailed

explanation on how to handle errors.
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'i; f. LASER Option

SN Sets up the laser printer for output by turning
%i the page lengthwise.

2 g. ASCII Option

,%i Sends the force structure results to an ASCII
%E; file named Output.asc. It is stored in the current
:i;: directory. If you desire to save more than ore set of

.- results in this format, it will be necessary to temporarily

if exit to DOS, rename the file and return to the spreadsheet.
:: The data 1is recorded with paygrades as rows (row one is
fﬁj paygrade E~-9) and months as columns (column one is 1 OCT
stocks).

(“: . 4. GRAPH Option

; a. CURRENT Option

;;: Displays a line graph of the total stocks for the
i; current run. Press the return key to return to the

- spreadsheet.
- b. LAST VS CURRENT Option

Displays a line graph of the total stocks for the

e

il current run and the previous run.
e

s S. EXIT Option

oy

This option returns the user to the DOS environment.

Be sure to make any saves before choosing this option.
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$¢ D. ADVANCED MENU ITEMS
- 1. UPDATE DATA Option
s
RS a. MONTHLY Option
; The actual monthly stocks for each paygrade and
e the actual recruits up and including the most recent month
,ﬁ; should be entered here. If actual recruit data is not
gﬂ? available, enter zero and the model will use estimated

recruits computed as described in Chapter III.

L b. ANNUAL Option
lj; This option 1is used to initialize or update the
;ﬂ
Al external data wutilized by the model to calculate the
; attrition rates. It can be updated any time of the year,
Q;' replacing forecast data with actual data or more recently
' forecast data. You must use the cursor key to move from cell

to cell, do not hit return until the 1last entry has been
,a: made, then hit any cursor key and then the return key.

. (1) CPI Option. The consumer price index option

i?: allows the user to enter actual or forecast CPI (all gocds)
}QE for the 12 months of the year being forecast and the 12
k]

- menihs of the preceding year in cells 240 to 264. Optionally.

1f data forecasts are only available for the quarter, these

o
I . values can be entered for the same period in cells AC40 to
{:f ACALL4 ., Quarterly and monthly figures can be intermixed.
o (2) UNEMPLOYMENT Option. The total civilian
1 R Ll R
XN unemployment, age 16+ is entered for the twelve maonths of the
T .
"o year being forecast and the six months of the preceding year
= -
» \1 -
O
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éi in cells F4O to FS38. Quarterly values can be entered 1in
-
. cells 740 to JZ=8.
:i (3 GNP JOption. The gross national product
& ‘armnua: rate) 1s entered for the twelve months of the year
k~ 2ei:ng TIrecast and the six months of the preceding year in
gj Z@:1s 240 tc 2PS8. GQuarterly values can be enterecd in cells
~: 49 soo usag.

&) ENLISTMENT EXPIRATION COption. The number of
i_ 2nlistmert 2xoirations expected for each month of the ficcal
»2 /2ar bheilng forecast in the categories non-rate, first
;ﬁ eniistments and subseqguent reenlistments are entered in

cells B&S to B7&, E&S to E76, and G&S to G746 respectively.

- (S) PAYRAIGE Option. ANy payraise anticipated
{: up to and including 1 JAN of the year being forecast is
- entered in cell AH42.

é (&) RECRUIT LAG__Option. Enter the number of
’f' recrults for AUG and SEP of preceding the year being forecast
in cells K&64 to K&S.

o

b (7) QUIT Option. You must use this option to
:i 2xi% tnis  sub-menu. The spreadsheet will alsoc recalculate
;: arnly  tne annual data when QUIT 1is chosen. I¥f mno other
. changes are being made for the run,; choose the CALCULATE
LQ option from the main menu to obtain results from this new
15

B data.
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2. ADVANCED OPTIONS

a. PROMOTION Option

The user may change the promotion rates for any

cf the montns for paygrades E-3 and E-4. Since these rates
are statecd as a percentage of the stocks, it 1s recommended
tnat the default values be used as a reference point for any

Lncreases or decreases.
5. ATTRITION RATE OUption

The values in this section are multipliers of the

est:mated attrition rates. One (1) implies the estimated
geTault) attrition rate would be used. A number larger than
ocne (1) would increase the estimated attrition rate. A

rumber less than orne (1) would decrease the attrition rate.
The multipliers can be changed for any combination of months

and paygrades.

N

c. BILLET PYRAMID Option

The values in the column labeled PYRMD describe
the number of billets in each paygrade as a fraction of total
billets. The values in the columns labeled PERCENT, PCT JAN
and FCT JUL describe the frartion of billets in each paygrade
tha+ the CG expects to have filled with Qqualified people .
The column labeled PERCENT is for all months except January
and Julys while the columns labeled JAN and JUL,

respectively, are for those months.
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d. RECRUIT ESTIMATE Optiocn
The estimates for the recruits in each paygrade
may be changed. This data 1s only active if the E-4 - E-9
OPEN RATING cell set 1in the INPUT option equals cne. The
user should be aware that manual entries in this section will
overwrite the values provided by the formulas. Once new
valuss have been entered, it is necessary to reload the
worksheet to get the default values back.
e. STOCKS Option
The user may decide to ignore the FTE constraint
and enter specific stocks desired during each month. The
most likely wuse of this cption would be for the partial year
madel.
f. DOCUMENT Option
This option provides an opportunity for the
person maintaining the master copy of the model to document

the more permanent adjustments made to the spreadsheet.

E. CONSTRAINTS, INFEASIBILITIES AND POLICY CHANGES

i1t would be impossible to catalog every problem that
might occur when using *=he MECP worksheet. Chapter VI of
this thesis contains a description of various possible policy
changes that a user might explore and the resulting
interaction of the parameters of the model. The spreadsheet
environment was chosen to program this model because of the
ease with which numerous changes can be made to a variety of
factors. The purpose of this section is to describe some of
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the major problems that might occur and their possible

.

s

2 resolutions.

i; 1. Recruiting Constrainmt VYiolations.

i: If the model results indicate negative recruits or :
E. E-1s for a month, this may imply that the CG cannot shrink

'§ the reguired amcunt without implementing a policy to increase

:; some of the attrition rates. The user can experiment with
N the ADVANCED OPTIONS, ATTRITION RATE option to determine how

iz much and which of the attrition rates should be increased.

;i The model results may also indicate recrults which

b violate a monthly upper bound of 720. It may be impossible

8 to reasonably meet this upper bound but the user should check

% the effect of any combination of the following:

- a. Increase the December and June recruits using the INPUT '
;; option.

f; b. Decrease the FTE constraint using the INPUT option.
-i: c. WVary the multiplier A (New) using the INPUT option. In
,li a growth situation, increasing the multiplier A mav
gb{ decrease the number of recruits needed toward the
,ié beginning cf the year. Decreasing the multiplier & mav
f”i decrease the number of recruits toward the end of the
= year.
] d. Decrease the desired end strength wusing the INPUT )
. option.
XN 4
N
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o 2. Infeasibilities.
S Infeasibilities will usually appear as ERR in one or
-f% more cells or by the blinking ERROR status in the upper right
*}’ carner of the screen. Infeasibilities will also be indicated
;\: 2v negative numpbers in the results section. Infeasibilities
L
ség snoguld not occur when operating within historicallvy typical
o
- cenditions. Briefly stated, typical conditions exist when
tﬁ; the teginning stocks and ending stocks differ by less than
:vz thr=2e oercent and the FTE constraint 1s between the beginninrg
;i and ending <stocks. The wuser desiring to explore unusual
AR Zircumstances should refer to Chapter VI of this thesis for a
:%} cetalled discussion of how the model parameters interact.
N The next section briefly summarizes the main causes of
j%: infeasible results.
- F. ERROR MESSAGES
~r 1. Errors, as previously mentioned, will take onr one of
R shree Yorms:
{l, a. ERR will appear in a cell
i b. ERRCOR will appear in the mode indicator (upper
-59 right corrmer of spreadsheet)
i{: . 2 negatlive number will appear 1in the results.
S 2. The OUTPUT, ERROR option will give you the
> instructions that appear below to attempt to correct the
-;i error.
jfi a. Ensure you have made all the mandatory entries:
2 : (1) Using INPUT option, make sure all required entries are
fﬁ( correct (see section D).
2
o8
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(2) The beginning and ending stocks must differ by at
least one.

(3) Ensure the extermal variables have been initialized
for the current year (UPDATE ANNUAL option).

h) If the current month 1s greater than 1, make sure the

Multiplier New entry is set to O.

b. Check the FTE entry. Does it make sense? In the
case of a partial year model, is 1t less than FTE censumed to
Jate? If sos it must be increased for the model to work.
Normally vyou will want FTE to be some number between the
pbeginning of year stock and end of year stock.

c. An error message in the UPDATE ANNUAL option will
occur if you did not press one of the cursor (arrow ) keys
followed by the return key after the last entry.

d. Try the CALCULATE option once more. 1t is
possible that vyou changed so many varilables that a second
iteration of calculations 1s needed.

e. If the above suggestions have not been helpful in
fixing the problem, you should examine the attrition rates,
oromotion rates and billet pyramid. This will reguire an
understanding of the normal personnel flows that occur in
this system. Do the estimated rates make sense 1n the
current scenario?

f. If you still are not able to correct the problem,

try reloading the spreadsheet and reentering the desired

168

-
R .

=X ’wﬁw*\f-:uixf\

B . - . L P . . My T e T, el m
e PP S . R RPN ~ e . -
..... . S “a"

M dna Ade Abe 4

h |~\“-" >~- . .\-
AN A
8 o

o




ALl

values. Failure of the spreadsheet at this point should be
brought to the attention of the person maintaining the model.

3. In the case of any error message; it 1s necessary to
press either the ESC or RETURN key to return to the READY

mode.

G. TECHNICAL NOTES

The theoretical and analytical methods underpinning the
MECP spreadsheet model are discussed in Chapters III1 through
IV of this thesis. Maintenance of the model may require
periodic examination of the underlying assumptions and the
author would expect a need for chamnges to the model frem time
to time.

1. Promotion Rates

There is a possibility that the CG would desire a
policy of promoting to E-4 to fill vacancies in the same way
as E-S5 through E-9 promotions are currently calculated. This
can be accomplished by using the LOTUS copy command to copy
the formulas 1n cells F120 through Q120 to cells F121
through Q@Ql121. It will alsoc be necessary to modify the
formulas. After performing the copy command, the formulas in
cells F121 through Q12! will contain the cell reference $P%&4
through $P%75 respectively. The formula should be edited,
replacing $P3%64 through $P$7S with $Q%64 through $Q%75
respectively 3 Likewise the references to cells $J%100
through %J%111 should be replaced with $K$100 through $K$111
respectively. It will also be necessary to determine
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appropriate PYR (pyramid) for cell T86 and PCT (percent
filled) variables for cells UBs, VBS6 and XB84&. A detailed
explanation on determining those variables for paygrades ES
through E9 1s contained in Chapter III.

2. Attrition Rates

Temporaryv changes to the attrition rates can be made

using the ADVANCED, ATTRITION option. As mentioned in
Chapter 111, we anticipate changes to the regression
coefficients as more data becomes available. We recommend

that as new data becomes availables; it should be added to the
SAS regression program contained in Appendix B and the
analysis described in Chapter III should be reevaluated. A
preliminary examination of the raw data should be conducted
as described in Chapter Il prior to wusing it in the
regression analysis. The new coefficients resulting from
updating the regression model can be used to replace the

entries 1n cells FB83 through 096.
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RAND Corporation Report N-1297-MRAL, Forecasting Enlisted
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Techniques for Manpower Planning y John Wiley and Sons,

ZRAFSTAT 1s  an experimental APL package from [BM which
the Naval Postgraduate School is using under an agreement
~w1th tne [BM Research Center, Yorktown Heights, NY.

SAS is a socftware system for data analysis developed by
the SAS Institute Inc, Cary, North Carolinas which the
Naval Postgraduate School is licensed to operate on 1its
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Chief of Naval Operations, OPNAV Pl16H-6-86, Research
Report No. 46, Use of Personmnel Flow Models for Anmalysis

of Large Scale Workforce Changes, by E. S. Bres II and
others, February 1986.

Chatfield, C, The Analysis of Time Series, Chapman and
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